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ABSTRACT
Nonpolnt Source Pollution during Dry and Wet Weather Flows in an
Urbanized Watershed
by
Uma Malik
Dr. Thomas C. Piechota, Examination Committee Chair 
Assistant Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
This research evaluates the quality of urban runoff, from various nonpoint 
sources during dry weather flows (DWF) and wet weather flows (WWF) in the 
Las Vegas Valley. Standard constituents in urban runoff were measured to 
assess the quality of urban runoff, to identify the possible sources of DWF 
(groundwater flows, excessive irrigation and car washing) and to determine the 
quality of runoff from residential areas and parking lots during WWF. DWF 
samples were collected from stonn channels on a weekly and monthly basis. 
WWF samples were collected when the precipitation was at least 1mm. DWF 
water quality results indicated that monitoring stations were possibly influenced 
by flows from groundwater and over irrigation including construction activities and 
erosion. Car washing was a significant source of nutrients and total Fe. WWF 
indicate higher levels of Ortho-P, TP-P, COD, total Fe, and NH3-N in the 
residential area and the parking lot.
ill
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CHAPTER 1
INTRODUCTION
1.1 Research Problem 
Pollutant sources of urban runoff are generally classified as point or nonpoint 
sources. Point source pollution comes from a single identifiable source such as a 
wastewater treatment plant and industrial discharges. Nonpoint source pollution 
originates from distributed land surfaces that intermittently contribute pollutants to 
surface and to groundwater (Line et al., 1996). In 43 % of the United States 
(U.S.), pollution from nonpoint sources is greater in magnitude than point sources 
(Wanielista et al., 1992). Moreover, nonpoint source pollution is the cause of 
about 50 to 80 % of impairment to water bodies (Martinson, 1990). The 
contribution from nonpoint sources of suspended solids is approximately 95 % of 
the average daily loading of sediments to the receiving waters in the U.S.
(Harper, 1998). The recognition of the nature, causes, and severity of nonpoint 
source pollution led the U.S. Congress to include the establishment of the 
Nationwide Urban Runoff Program (NURP) in the 1977 amendments to the 
Clean Water Act. The NURP was developed to expand the state of knowledge of 
urban runoff pollution by data collection in selected urban areas throughout the 
country (Smullen et al., 1999).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The contribution of pollutants from nonpoint sources can be both during dry 
weather flows (DWF) and wet weather flows (WWF). DWF in an arid region such 
as Las Vegas, Nevada is mostly due to nonpoint sources, such as retum 
groundwater flows and other urban uses (e.g., excess irrigation, car washing, 
etc.). The high levels of dissolved solids and nitrate in groundwater flows can 
seriously affect the aquatic life in the receiving water bodies. Excessive irrigation 
flows, which make their way to storm water channels, can cause algae growth in 
receiving water bodies, due to high levels of nitrogen and phosphorus (Meeks, 
2002). Also, the National Water Research Institute (NWRI) identified car washing 
as one of the major sources of nonpoint pollution (Mercer, 2002). Due to the 
aforementioned, it is important to know the sources of DWF and the water quality 
impacts.
During rainfall events, WWF carries runoff from urban and undeveloped land 
uses. Stenstrom et al., (2001) found that land use is an important parameter in 
predicting storm water quality. Land uses, associated with vehicular activity, such 
as parking lots, are thought to be high contributors of storm water pollutants. 
Moreover, Choe et al., (2002) reported that surface runoff, generated in 
residential areas, is likely to contain hazardous materials, such as heavy metals, 
oil components, floating materials etc. Therefore, it is required to critically 
evaluate the impacts of urban runoff quality from different land uses.
This research will focus on characterizing the standard constituents 
discharged in DWF and WWF from the urbanized Las Vegas Valley located in 
Clark County, Nevada. Moreover, it will evaluate the impacts of the DWF, WWF
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and their sources on the water quality of urban runoff. This research is significant 
for identifying the role of different land uses to overall pollutant loads and for 
assigning concentrations for specific land uses in nonpoint source runoff models.
1.2 Urban Runoff Water Quality
Urban runoff can have considerable impact on water quality of receiving water 
bodies. Some of the major impacts can be to aquatic life, aesthetic qualities, 
waterfront property values, and downstream water users who might use the 
water as a raw source for drinking water. With increased understanding of the 
significance of drinking water quality to public health and to the recognition that 
protecting raw water sources is a vital component of the water treatment process, 
it is important to identify common constituents found in urban runoff that impact 
receiving water quality. There are various sources of potential contamination to 
urban runoff including excessive irrigation, groundwater flows, fertilizers, sewer 
overflows, land uses, septic tank leakage, erosion from construction activity, 
vehicle emissions, etc. Table 1-1 summarizes the typical sources of nutrients, 
sediments, oxygen demanding substances and metals in the urban runoff.
The constituents considered in this research are shown in Table 1-2. These 
constituents were selected since they are known to be consistently present in the 
urban runoff (Harper, 1998). This research will evaluate urban runoff quality of 
the Las Vegas Valley on the basis that possible sources of DWF are groundwater 
flows or flows from other urban uses, such as excessive irrigation and car
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
washing. The effects of land uses on urban runoff quality are considered during 
WWF.
Table 1-1 : Description of different types of nonpoint source pollution (Chiew et 
al., 1997)
Common 
constituents in 
urban storm water
Description of constituents Sources of 
Constituents
Nutrients 
(mainly Nitrogen 
and phosphorus)
Phosphorus and Nutrients can be 
dissolved or attached to sediments. 
Dissolved form of phosphorus is 
Ortho-P. Dissolved form of Nitrogen 
includes ammonia, nitrate and nitrite.
Sewer
overflows,
industrial
discharges,
animal waste,
fertilizers,
detergents etc.
Sediments Suspended solids are described as 
solids suspended in water and they 
can be quantified in terms of turbidity.
Construction 
activity and 
erosion
Oxygen demanding 
substances 
(e.g. COD)
Chemical oxygen demand (COD) is 
the measure of oxygen used when the 
biodegradable substances react with 
chemical substances in water.
Garden
wastes, organic 
material in 
sewage etc.
Metals 
(e.g.. Lead, Zinc, 
Copper, etc.)
Toxic to animals, birds and humans. 
May transfer to food chain and 
concentrate in consumer species.
Vehicle 
emissions, 
wear of vehicle 
components, 
corrosion, road 
and pavement 
degradation 
etc.
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Table 1-2: List of constituents evaluated in this thesis
Category of constituent Constituent
Physical Constituents Total Suspended Solids (TSS)
Total Dissolved Solids (TDS)
Inorganic Chemical Constituents pH
Ortho-Phosphate (Ortho-P)
Total Phosphate (TP-P)
Nitrate (NO3-N)
Nitrite (NO2-N)
Ammonia (NH3-N)
Chemical Oxygen Demand (COD)
Total Iron (Fe)
Dissolved Fe
Total Copper (Cu)
Dissolved Cu
1.3 Research Questions 
The overall goal of this thesis is to study the variation in the water quality of 
urban runoff, during DWF and WWF. More specifically, the following research 
questions will be addressed:
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* What are the potential sources and quality of dry weather urban runoff: 
groundwater, or other urban uses such as car washing or excessive 
irrigation?
# What are the pollutant concentrations in WWF from residential areas 
and parking lots?
* What is the time distribution of pollutant concentrations, during wet 
weather events in a residential area?
# How do the results for the Las Vegas Valley compare with existing 
studies and published values of other southwest communities?
1.4 Presentation of this Research
This thesis will be presented in seven chapters. Chapter 2 is a literature 
review that presents nonpoint sources of pollution and why they are of concern, 
impacts on urban runoff water quality due to different sources of nonpoint source 
pollution, arid and semi arid regions, the techniques for estimating storm water 
runoff loads and volumes, background about storm drain facilities in Las Vegas 
Valley and regulations for controlling urt)an runoff. Chapter 3 describes the plan 
for monitoring DWF and WWF in the Las Vegas Valley. Chapter 4 summarizes 
the sample preservation and experimental procedures used for testing the water 
quality of DWF and WWF samples in the laboratory. Chapter 5 summarizes the 
water quality results obtained for DWF and WWF. The DWF results are classified 
into the categories of storm water channels and car washing. The WWF results
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
are categorized into residential and parking lot land use. Lastly, Chapter 6  
presents the conclusions and recommendations from this research.
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CHAPTER 2
BACKGROUND AND LITERATURE REVIEW  
This chapter summarizes the background and literature review on nonpoint 
source pollution in urban runoff and the water quality impacts on receiving 
bodies. It also includes the effects of urbanization on the water quality of urban 
runoff.
2.1 Nonpoint Sources of Pollution 
Nonpoint source pollution originates from diffuse land areas that occasionally 
contribute pollutants to surface and groundwater (Line et al., 1996). When rain 
event occurs in an urban watershed or when irrigation water is applied to the 
landscape, materials from the roads and from the backyards are transported to 
receiving water bodies such as creeks, rivers and groundwater.
Nonpoint source pollution is comprised of fine particles and dissolved 
materials (micro-pollutants), and litter and vegetation (gross pollutants) (Chiew et 
al., 1997). Gross pollutants in stonn water runoff can contain medical waste, 
including needles that may be hazardous to humans, and other litter including 
plastics, paper and glass. Recent studies have found plastic particles in the 
stomachs of 8  of 11 seabird species and in the stomachs of 63 of the world's 250 
species of seabirds. (James, 1997)
8
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2. Y. f Dry M/befher F/ows
DWF can have significant pollutant load of toxics and some nutrients. DWF 
from urban areas (i.e., streets, parking lots, and yards) can contain pesticides, 
persistent organic pollutants, heavy metals, nutrients, bacteria and sediments. 
DWF contaminants are in the dissolved phase and therefore may be increase 
aquatic mortality following mixing and dispersion in receiving waters (McPherson 
et al., 2 0 0 2 ).
In the Las Vegas Valley, as the population increases, many of the previously 
ephemeral washes have become perennial streams conveying water through 
storm channels from the developed west side of the valley to the Las Vegas 
Wash on the east side (See Figure 2-1). The primary source of these perennial 
DWF appears to be the over irrigation of landscaping, and high groundwater 
levels. High groundwater levels in the washes are also because of changes in 
the natural hydrologie system and construction and foundation dewatering 
activities (Mizell et al., 1995). Table 2-1 shows the past, present and projected 
population of the Las Vegas Valley from 1980 through 2025.
Figure 2-1 represents the existing storm drains facilities in the Las Vegas 
Valley. Data from the Clark County Regional Flood Control District (CCRFCD) 
facilities has information about all storm water drains and detention basins and 
their construction status. The information is also provided on the stonn water 
channel lining (e.g. concrete, rip rap, earth, grass and earthen).
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Table 2-1: Trend of population growth in Las Vegas Valley (U.S. Census Bureau, 
2002)
Year Population of Las Vegas valley
1980 467,635
1985 567,280
1990 770,280
1995 979,090
2000 1,161,200
2005 1,301,873
2010 1,398,891
2015 1,461,740
2020 1,500,637
2025 1,524,036
2030 1.537,871
Due to excessive irrigation, contaminants are conveyed to storm channels 
when the landscape is over watered. Nitrogen and phosphorus from fertilizers, 
used for landscaping, can result in excessive algae growth in water bodies, and 
solid materials such as grass clippings and leaves also release unwanted 
nutrients into water systems. Urban areas, while not as prone to agricultural 
runoff situations, do experience a great many of the same types of chemicals 
because of landscaping (Meeks, 2002). Excess irrigation water can carry 
sediments, nutrients, chemicals, metals, applied chemicals and microorganisms 
(ERA, 2003). Ortho-P in most cases accounts for at least 70-90 % of the total 
phosphorus loss from agricultural watersheds. The eutrophication of surface 
waters caused by increased nutrient loading is of growing concern (Wilson et al., 
1995).
The current application rate of fertilizer on landscapes can create adverse 
environmental conditions on the surface water and groundwater caused by 
leaching losses of phosphate and nitrate (Line et al., 1999). Nitrate contamination
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of groundwater in urban areas can be caused by excessive fertilizer application 
and by sewage septic systems or leakage of sewer pipes. These sources of 
contamination commonly affect shallow water table aquifers (Bevans et al.,
1998). Urban drainage areas also show noticeable concentrations of herbicides 
in streams close to garden areas (Xanthopoulos, 1994).
In addition to excessive irrigation and groundwater flows another major 
nonpoint source of pollution is car washing. In the U.S. and Canada, there are 
more than 230 million cars and light trucks that are washed at an average of 
once a week. A 1999 survey by the International Canvash Association found that
44.5 % of Americans prefer home washing as a method of vehicle care. When a 
car is washed, a mix of potentially harmful substances is discharged into the 
drains. All detergents used for car washing contain a surfactant so that the 
cleaner rinses off easily with water. A typical detergent concentration of 2 mg/L 
can cause fish to absorb double the amount of chemicals they would normally 
absorb. The fact is that most commercial car washes use 60% less water in the 
entire washing process than a simple home car wash (Mercer, 2002).
The soap together with the dirt and the oil washed from the car flows into the 
nearby storm channels which run directly into receiving bodies such as lakes, 
rivers or marine waters. Soap detergents can have poisonous effects on all types 
of aquatic life. Additionally too much soap in the water can make it difficult for 
aquatic oiganisms to obtain the oxygen from the water they need to survive 
(DNR, 2003). Table 2-2 summarizes the frequency and the fate of runoff from car 
washing (SMRC, 2003).
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Table 2-2: Summary of car washing surveys (SMRC, 2003)
Study Car washing behavior
Smith, 1996 
Maryland
60% washed car more than once a month.
Pellegrin, 1998 73% washed their own cars.
California 73% report that wash water drains to pavement.
Hardwick, 1997 56% washed their own cars.
Washington 44% used commercial car wash.
91% report that wash water drains to pavement. 
56% washed car more than once a month 
50% would shift if given discounts
The toxicity of 87 storm water runoff sources was studied and it was found 
that car washing and parking runoff samples had the highest concentrations of 
organic toxicants (Line et al., 1998).
2. f .2 M/bf kVbafher F/ows (WWF)
Urban WWF have long been recognized as significant sources of pollutants 
and causes of water quality degradation. In terms of load, WWF is the 
predominant nonpoint pollutant source. In order to reduce the water quality 
impacts on runoff from urban watersheds, an understanding of the pollutant 
concentrations from urban DWF and WWF is necessary (McPherson et al., 
2002).
A rainfall intensity of 1 in./h can produce flow rates up to 100 times dry- 
weather flow. During a single stomi event, 95 % of the organic load is attributed 
to wet weather flow sources. In the U.S., approximately one half of the stream 
miles are impaired and 30 % of these stream lengths are polluted to some extent 
with urban runoff. Thus, control of runoff pollution becomes a requirement for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
maintaining water bodies standards at particular locations (Field et al., 1981).
The National Pollution Discharge Elimination System (NPDES) Municipal Storm 
Water Pennit Program requires monitoring single land uses during wet-weather 
events (Pechacek, 1994).
Land use, slope, and soil attributes affect water quality by contributing 
sediment and chemical concentration. The land use types can retain nutrients 
and can transform them to dissolve or suspended nutrients as they move 
towards the stream. The imperviousness of many urban areas increases their 
runoff discharge, and even small rains are capable of washing accumulated 
pollutants into surface waters (Basnyat et al., 2000).
Land use also affects water quality (Line et al., 1999). It has been shown that 
land use can account for more than one-third of the observed variations in 
nitrates, phosphates, and chemical oxygen demand concentrations in the surkice 
water of selected regions (Line et al., 1996). In southeast Michigan, simulation 
using 1820,1990 and predicted 2020 land covers showed that runoff has 
increased by 3.5 times since 1820 (Brenner et al., 1999).
Table 2-3 presents the increase in different land covers in the Las Vegas 
Valley from 1970 to 2002 (Majed A. Khater, McCarran International Airport, 
Personal communication). The development in the urban land use in year 2000 is 
approximately five times greater than in year 1970. All the land uses in Table 2-3 
presents a considerable increase from year 1970 through year 2000. The percent 
increase for the agricultural/golf and parks land use is the highest, from 1970 to 
2 0 0 0 , among other land uses.
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Table 2-3: Pattern of change in land uses of Las Vegas Valley (Khater, 2003)
Overall watershed development ( Acres/ Year)
LULC 2002 2000 1990 1980 1970
1 (Residential) 2,981 3,493 2,195 1,652 1,071
2 (Industrial) 415 268 161 177 42
3 (Commercial/Business) 1,877 1,132 606 569 272
4 (Agri, Golf & Parks) 383 861 311 11 63
Total 5,656 5,754 3,274 2,409 1,449
From a land use perspective, agricultural activities have been identified as 
major sources of nonpoint source pollutants and are known to impact water 
quality. Residential/urt)an/built-up areas are another dominant factor in 
generating large amounts of nonpoint source pollution from storm water 
discharge (Basnyat et al., 2000). The urban runoff generated in residential zones 
in urban areas is likely to contain hazardous materials such as oil components 
and heavy metals as well as floating materials, and requires a proper treatment 
process (Choe et al., 2002) The total matter in a residential area is small, but the 
content of organic matter is high (Yamada et al., 1993). In a study performed in 
Korea, the relative magnitude of the pollutants unit loading rate was in the 
following order; high density residential low density residential industrial 
undeveloped watershed (Lee et al., 2000).
The build up of pollutants from residential land use increases quickly in the 
first few days following rain. Subsequently, the build-up rate decrease with time, 
and eventually the accumulated mass of pollutant reaches some upper limit (Line 
etal., 1996).
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2.2 Constituents in Urban Runoff
2.2.1 Mefa/s
Metals in urban runoff originate from vehicle emissions, direct fallout, and the 
degradation of highway materials. Transportation related sources of metals 
include gasoline (Pb), diesel fuel (Cd), exhaust emissions (Pb, Ni), crankcase 
and lubricating oils (Pb, Ni, Zn), grease (Zn, Pb), tire wear (Cd, Zn), wear on 
moving parts (Cu, Pb), decorative and protective coatings (Al, Cd, Cu, Zn, Ni,
Fe), brake lining wear (Cu, Cr, Ni), moving engine parts (Fe, Mn, Cr, Co), and 
asphalt paving wear (Ni, V) (Harper, 1998).
Metals in natural waters exist in various forms, including ionic, particulate, and 
absort)ed onto other particles. Toxicity data on aquatic life generally indicate that 
the ionic fraction of metals constitutes the primary toxic form. The sensitivity of 
aquatic organisms to the toxicity of metals is highly varied depending on the 
species, life stage, and a particular metal (Davies, 1986). In the U.S., the 
average concentration of several metals in soils is approximately 30 mg/L (Cu), 
10 mg/L (Pb), and 300 mg/L (zinc). The toxicity of Cu to aquatic life ranges from 
5-50 pg/L (Lindsay, 1979).
Water quality standards for metals are based on the dissolved or the more 
bioavailable fraction (James, 1999). In the NURP study (EPA, 1983); Cu 
concentrations exceeded the Environmental Protection Agency's (EPA) 
freshwater acute criteria (0.018mg/L) and chronic criteria (0.012 mg/L) by 47%  
and 82% respectively. Fe in storm water runoff has been found at a 
concentration range of 0.08 to 440 mg/L. The U.S. freshwater chronic criteria for
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Fe is 1.0 mg/L (Makepeace et a!., 1995). It was found for New York City 
discharges that urban runoff is the city's largest contributor of metals (Fe, Pb and 
Zn) to local receiving bodies (Characklis et al., 1997).
The water quality impacts of metals on aquatic life can be both short-term and 
long-term. Heavy metals can bioaccumulate in tissues, can affect reproduction 
rates, life spans and may disrupt food chains of the aquatic species. Heavy 
metals can accumulate in bottom sediments of receiving water bodies, posing 
risks to bottom-feeding organisms and their predators. Heavy metals can also 
affect recreational and commercial fishing (Harper, 1998).
2.2.2 So/ids
Sediment is the largest contributor by volume to nonpoint source pollution in 
the U.S. On an annual loading basis, contributions of suspended solids from 
urban runoff in U.S. are approximately equal to or greater than those from 
secondary wastewater treatment plants. Solids are generated primarily through 
erosion processes during rain events (Harper, 1998).
Total suspended solids (TSS) is a frequently reported parameter as a 
surrogate for other storm water pollutants including metals, nutrients and various 
organics (James, 1997). Many studies have indicated that pollutants such as 
phosphorus, heavy metals and organic compounds, contributed by nonpoint 
sources are adsorbed onto suspended particles. This association significantly 
alters the water quality impacts of the bound pollutants (Harper, 1998).
There are no TSS drinking water guidelines; however, it is measured in terms 
of turbidity. Twenty-five nephelometric turbidity units (NTU) are approximately 25
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to 100 mg/L TSS, which could reduce a river's primary biological productivity by 
13 to 50% (Makepeace et al., 1995). Acute fish toxicity tests have found that 
most species can tolerate exposures of more than 100,000 mg/L TSS for a week 
or longer. The Center for Streamside Studies, reported that TSS at 
concentrations of 300-400 mg/L may reduce visibility of fish and impair their 
search for food (James, 1997).
The water quality impacts of TSS on aquatic species can be in terms of 
respiration, digestion, rates of survival of fish eggs, sizes of fish populations, 
alteration in composition and reduction of oxygen availability to lower layers. The 
receiving water impacts of nonpoint source generated sediment loads depends 
upon the nature of the water body to which they are delivered. The effects can be 
noticed by decrease in transmission of light through water, increase in 
temperature of surkrce layer of water, and decrease in value for recreational and 
commercial activities at the receiving bodies (Harper, 1998).
2.2.3 /Vufnenfs (Phosphorus arrd /V/hoger?)
Plant nutrients, such as nitrogen and phosphorus, are common constituents 
of nonpoint source runoff. The introduction of nutrients into receiving waters 
stimulates the growth of algae and other aquatic plants accelerate the process of 
eutrophication (Harper, 1998).
Nutrients in storm water may be present as either dissolved ions or in a 
particulate form. In general, about 40-50 % of nitrogen and phosphorus in runoff 
is in a dissolved form, while 50-60 % exists in a particulate form. Dissolved forms 
of nitrogen include ammonia, nitrate and nitrite. The most important dissolved
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form of phosphorus is Ortho-P, which is a A)rm directly available for uptake by 
algae and other plants (Harper, 1998).
Nitrogen is originally present in the form of organic nitrogen and ammonia. 
With time, the organic nitrogen gets converted to NH3-N. The presence of mostly 
organic nitrogen and NH3-N signifies recent pollution to the water because 
otherwise appropriate groups of bacteria in aerobic conditions will convert NH3-N 
to N02-N and then to N03-N (Sawyer et al., 1994). N02-N is relatively short­
lived in aerobic waters because ifs quickly converted to N03-N by bacteria. On 
the other hand, N03-N is highly soluble in water and is stable over a wide range 
of environmental conditions. N03-N produced in excess of the needs of the 
plants is transported in the water seeping through the soil and finally resulting in 
elevated concentrations of N03-N in groundwater. Septic systems are another 
common source of N03-N contamination in groundwater as aerobic treatment of 
effluent in the soil matrix converts organic-N to N03-N.
The N03-N, N02-N and NH3-N have been found in the concentration range 
of 0.01-12.0; 0.02-1.49; and 0.01-4.30 mg/L respectively. NH3-N may be toxic to 
aquatic species when pH levels are above 9.5-10.0. Total phosphorus in storm 
water has been found at a concentration range of 0.01 to 7.30 mg/L. Soluble 
phosphorus in storm water has been found at a concentration range of 0.04 to
3.5 mg/L, and particulate phosphorus in storm water at a concentration range of 
0.01 to 2.8 mg/L (Makepeace et al., 1995).
Phosphorus occurs in natural waters and is used as a con^osion inhibitor in 
treatment. Phosphorus is classified into three forms: orthophosphates.
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polyphosphates, and organically bound phosphates. Organically bound 
phosphates are usually of minor consideration in environmental engineering 
practice (Sawyer et al., 1994). Polyphosphates are molecularly dehydrated 
phosphates and are derived from orthophosphates.
The water quality impacts of nutrients on aquatic life can be a lack of food 
sources, blooms of toxic algae and reduced levels of dissolved oxygen. Other 
impacts can be reduction in aesthetic qualities and waterfront property values of 
water bodies (Harper, 1998).
2.2.4 Oxygen Oemand/ng Substances 
Oxygen demanding substances include numerous organic materials which 
are decomposed by microorganisms thereby creating a need for oxygen. The 
addition of enough oxygen demanding materials to the water bodies can cause 
depletion of dissolved oxygen and the death of aquatic species. Furthermore, the 
absence of dissolved oxygen could result in the growth of microorganisms that 
may cause foul odors in the water. Moreover, lower levels of oxygen may alter 
aquatic species composition and may increase solubility of phosphorus and 
metals in the water column (Harper, 1998).
The quality of oxygen demanding substances can be measured in terms of 
chemical oxygen demand (COD). In storm water, COD has been measured in a 
range of 7 to 2200 mg/L. Average storm water COD levels can be similar to 
weak-strength, untreated wastewater and at times can approach medium 
strength wastewater. Typical COD values of untreated domestic wastewater are 
250 (weak), 500 (medium), and 1000 (strong) mg/L (Makepeace et al., 1995).
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2.3 Urban Runoff and Receiving Water Bodies 
Impacts of urban runoff on receiving waters depends upon a number of 
Actors including: the magnitude and duration of rainfall events, soil types, time 
between storms, land use type and specific activities, illicit connections or illegal 
dumping, and the ratio of the runoff volume to the receiving water flow volumes. 
The impacts are wide-ranged and are often difficult to measure (Ritter et al., 
1998).
The major impacts of storm water pollution, on the receiving bodies are:
# Dissolved oxygen depletion: The resulting low levels of oxygen will 
affect sensitive species of fish and aquatic organisms and may cause 
anaerobic conditions which may produce foul odors.
# Pathogen concentrations: Excess concentrations of bacterial t)ehavior 
organisms in urban runoff will hinder water supply use, recreational 
use, and fishing use of the receiving water.
# Nutrients: Surface water bodies with long detention times, such as 
lakes and estuaries, tend to concentrate nutrients, organics, and 
metals in them. As a result of anaerobic conditions, currents (from 
tributary sources), and concentration changes, these pollutants can be 
re-suspended and become available for plant growth or Pb to a 
depletion of dissolved oxygen.
# Toxicity : Toxicity problems can result from minute discharges of 
metals, pesticides, and persistent organics which may exhibit a subtle
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long terni effect on the environment by gradually accumulating in 
sensitive areas (Field et al., 1981)
2.4 Estimation of Urban Runoff and Pollutant Loads 
The broad understanding of the urban runoff and pollution processes can be 
used by watershed managers to determine pollutant loads and suggest the best 
methods for control. Urban runoff and pollutant loads can be estimated by the 
following methods:
1. Computations based on measured concentrations and flow volumes: 
These calculations involve the calculation of pollutant load by simply 
multiplying the runoff volume with the event mean concentration (EMC) 
value. The amount of runoff depends on the % of impervious and 
pervious areas. The EMC value is calculated by dividing a pollutant 
load washed off by a storm event with an event runoff volume. The 
measured concentrations from a storm water monitoring program, 
which represents a detailed event monitoring, will produce less errors 
in estimating pollutant loads.
2. An appropriate runoff and water quality model. The model selected will 
depend on management objectives and data availability (Chiew et al., 
1997). The common models used for analyzing nonpoint source 
pollution problems are SWMM, BASINS, PLOAD, tank model, 
kinetamic wave model (Noguchi et al., 2002) and continuous annual 
load simulation model (CALSIM) (Pandit et al., 2002). The common
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tools used for analyzing nonpoint source pollution problems are remote 
sensing and geographic information system (Basnyat et al., 2000)
2.5 Effect of Urbanization in Arid and Semi-Arid Regions 
Arid watersheds are defined as those that receive less than 15 inches of rain 
each year (Caraco, 2000). Semi-arid watersheds receive between 15 and 35 
inches of rainfall, and have a distinct dry season where evaporation greatly 
exceeds rainfall. Arid and semi-arid regions consistently have concentrations of 
suspended sediment, phosphorus, nitrogen, carbon and trace metals higher than 
the national average (Caraco, 2000).
The flow of many urban streams in ttie southwest is generated mostly by 
human activities such as urban storm flow, irrigation return flow and wastewater 
effluent. Thus, the quality of both surface water and groundwater in urbanizing 
areas of arid and semi-arid regions of southwest is strongly shaped by 
urbanization (Caraco, 2000).
The loss of habitat for native plants and animals, and significant modification 
of the landscape is the major change due to urban development of a natural 
environment. The impact of urban development on the environment ranges from 
air pollution to social issues. The main environmental problems are water 
pollution, increased surface runoff, changes to the stream environment, 
increased temperatures, air pollution, soil pollution, health risks, social impact 
and visual impact (Chiew et al., 1997).
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The stormwater event mean concentrations (EMC) in five arid and semi-arid 
regions for common pollutants are shown in Table 2-4 [(1) Lopes et al., 1995, (2) 
l^elstorm, 1995, (3) DRCOG, 1983, (4) Caraco, 2000 and (5) Brush et al.,
1995)]. The EMC values of all the constituents in arid and semi arid regions are 
greater than the national average.
Table 2-4: EMC (mg/L) in arid and semi-arid regions
Pollutant National
Average
Phoenix,
AZ
(1 )
Boise,
Idaho
_(2 )
Denver,
Colorado
(3)
San
Jose,
California
(4)
Dallas,
Texas
(5)
Rainfall
(inches) 7 1 2 13 14 28
TSS 78.40 227.00 116.00 384.00 258.00 663.00
BOD 14.10 109.00 89.00 No data 12.30 1 2 .0 0
COD 52.80 239.00 261.00 227.00 No data 106.00
Ortho-P 0.13 0.17 0.47 No data No data No data
TP 0.32 0.41 0.75 0.80 0.83 0.78
Baldys et al., (1993) performed an additional study in Dallas, Texas to 
evaluate the water quality of urban runoff from residential, industrial or 
commercial area. The study found that a residential land use watershed has 
greater concentrations of nutrients and chemical oxygen demand. Moreover, 
loads for total phosphorus and dissolved phosphorus did not vary significantly 
among the three different land uses. Table 2-5 summarizes USGS data from 13 
cities and metropolitan areas from 1991 through 1996. The purpose of selecting 
the cities was that these cities were required to obtain National Pollutant 
Discharge Elimination System (NPDE8 ) permits (USGS, 1998). The commercial
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areas are major contributor of TDS, TSS and COD in the cities of Phoenix, 
Colorado springs and Denver.
Table 2-5: Mean storm loads in pounds per acre in the U.S. (USGS, 1998)
Denver .CO
Pollutant
(pounds/acre)
Residential Commercial Residential Commercial Residential Commercial
TDS 1 .2 0 0 7.20 0.860 2.800 1.600 3.200
TSS 4.100 6.70 3.100 8.800 5.900 4.500
COD 1.600 14.00 2 .0 0 0 6.300 2.400 15.000
Soluble P 0.003 0.03 0 .0 0 2 0.004 0.003 0.004
TP 0.007 0.03 0.005 0.008 0 .0 1 0 0.008
2.6 Regulations
The severity and consequences of the nonpoint source runoff pollution were 
noted by the amendments to the Clean Water Act in 1987. They required 
different sources of storm water pollution to be controlled and monitored 
(Piechota et al., 2001). The US EPA, under section 402(p) of the Water Quality 
Act of 1987, required municipalities (> 100,000), industrial and construction 
activities (>5 acres) to obtain NPDES permits for urban storm water discharge 
(Bevans et al., 1998). This was Phase-1 of the NPDES permit and was intended 
to minimize pollutant loadings from urtianized areas and preserve the quality of 
streams that receive storm water. In 1999, Phase-11 of the NPDES permit was 
implemented and it was extended to all communities and construction activities 
(>1 acre). To apply for the NPDES permit, a municipality must monitor the quality 
of storm water from basins having residential, commercial, and industrial land 
uses, and estimate storm- and annual -  pollutant loads and event mean 
concentrations of selected properties and constituents (USGS, 1998).
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In the Las Vegas Valley, the NPDES municipal storm water discharge permit 
is administered by the Nevada Division of Environmental Protection (NDEP) and 
is issued to Clark County Flood Control District (CCRFCD), the City of Las 
Vegas, the City of Henderson, ttie City of North Las Vegas, Clark County and the 
Nevada Department of Transportation (NDOT). The annual report for the pemnit 
is prepared every year and summarizes the dry and wet weather monitoring 
programs (CCRFCD, 2002). The data from the NPDES annual report (CCRFCD, 
2 0 0 1 ) was used in this research to determine the range of constituents during 
DWF and WWF. The results from NPDES annual report (CCRFCD, 2001) were 
used for comparing the results in this study (See section 5.2.5)
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CHAPTER 3
MONITORING PROGRAM 
This chapter covers the monitoring program used in this research during dry 
and wet weather flows in the Las Vegas Valley. The water quality samples during 
dry weather flows are from storm channels and car washing. The wet weather 
samples represent runoff from a residential area and a parking lot.
3.1 Dry Weather Flows (DWF)
The samples of DWF were collected from storm channels carrying possible 
sources of nonpoint pollution - groundwater and urt)an uses such as excessive 
irrigation and car washing. The samples represent a composite of nonpoint 
source flows in the Las Vegas Valley and are not representative of flow from a 
single use.
3.1.1 Locabon of S^es 
A list of the sampling sites for DWF is shown in Table 3-1 and Figure 3-1. The 
sites were selected to best represent the water quality of the urban runoff and to 
detennine the sources of pollution of urban runoff from each watershed (See 
Figure 2-1).
27
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Table 3-1: Location of monitoring stations selected for DWF
GPS information for
Station each location
Identification Stonn channel and
Number Street name Latitude Longitude
DWOI-Flam Flamingo Wash at Swenson 36"06'50" 115%8'42"
Street
35°59'29" 115°07'27"DW02-GV Pittman Wash at Green
Valley Parkway
36°02'53" 115°03'09"DW03-Pitt Pittman Wash at Green
Valley Parkway
36°05'19" 115°04'07"DW04-Duck Duck Creek at Mountain
Vista
36°05'20" 115°04'07"DW05-Raw Rawhide Channel at
Mountain Vista
115°02'40"DW07-Range Range Wash at Charleston 36°09'32"
Blvd.
36°13'03" 115°15'27"DW08-Chey Cheyenne Channel at 
Cheyenne Avenue and
Tenaya Way.
36°10'30" 115°10'21"DW09-LVcreek Las Vegas Creek at Rancho
Drive
115°07'23"DW 11-PP0 Puccini Park, Seven Hills 35°59'13"
Drive, Henderson, NV
36°08'34" 115°03'53"DW12-Lamb-Flam Flamingo Wash at Lamb 
Road
DW13-GC-Flam Flamingo Wash at Nellis 
Blvd.
36°08'31" 115°04'07"
DW14-Cabana Las Vegas Wash at Cabana 
Drive
36°06'51" 115°03'04"
DW15-BH-Duck Duck Creek at Boulder 36°05'09" 115°02'00"
Highway
36°05'30" 115°0T21"DW16-Broadbent Duck Creek at Broadbent 
Blvd.
DW17-CheyenneE Las Vegas Wash at 36°13'00" 115°06'38"
Cheyenne Avenue
115°07'50"DW18-CarWash Via Della Amore, 
Henderson, NV
35°59'30"
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3.1.2 S1o/7n Cbanne/s 
The dry weather samples from the channels were collected on a weekly to 
monthly basis, depending on the location. The locations DW01-Flam through 
DW09-LVCreek were monitored every month from Aug 2002 through Apr 2003. 
The samples from the stations DW12-Lamb-Flam through DW17-CheyenneE 
were collected every month from Oct 2002 to Apr 2003. DW 11-PP0 was 
expected to have mostly excess irrigation flows and therefore it was monitored 
weekly to evaluate water quality of excessive irrigation flows only.
Table 3-2 summarizes the sampling days selected to gather dry weather 
water quality samples. The flow depth, velocity, and width were measured to 
obtain the flow rate which was used to estimate the pollutant loads at all the 
locations. The flow velocity was estimated with a velocity meter in the field and 
provides an average value of the instantaneous velocities at a particular location. 
The average velocity was multiplied by the cross section to obtain the flow rate. 
There is uncertainty in the measurement of velocity, depth and width of flow at a 
particular location in the storm channel because of the variation in cross sections 
and quantity of flows.
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Table 3-2: Sampling days for monitoring DWF
Station Identification Number
DWOI-Flam through DWOO-LVCreek
DW12-Lamb-Flam through DW17- 
CheyenneE
DW11-PP0
DWIB-CafWash
Date of Collection 
of samples from 
each station
14-Aug-02 
27-Sep-02 
1 1 -0 ct-0 2  
01-Nov-02 
18-Mar-03
15-Apr-03
18-Oct-02
15-NOV-02
04-Mar-03
22-Apr-03
27-Sep-02 
04-0ct-02 
11-Oct-02
21-Oct-02
28-Oct-02 
01-Nov-02 
11-Nov-02 
15-NOV-02
22-NOV-02 
04-Mar-03 
ll-M ar-03  
18-Mar-Q3 
25-Mar-03 
04-Apr-03 
17-Apr-03 
22-Apr-03
20-Jan-03
29-Mar-03
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3.1.3 Car
The samples from car washing were collected on January 20, 2003 and 
March 29,2003. The cars washed were a 1989 Honda Civic (HC), a 1998 Ford 
Ranger (FR), a 1998 Dodge Durango (DD) and a 1998 Toyota Corolla (TC). The 
vehicles had not been washed for one to three months.
The first set of samples was collected after washing the HC and the FR on 
January 20, 2003. The second set of samples was collected after washing the 
DD and the TC on March 29, 2003. Tap water with Turtle wax zip wax car wash 
soap was used for washing the cars.
The runoff volume was required to eventually calculate the pollutant loads 
coming from car washing. Therefore, a reservoir, shown in Figure 3-2, was 
created to collect the runoff volume from the driveway. The reservoir was located 
immediately downstream of the driveway and the capacity was estimated before 
collecting the first sample. The estimated capacity of the reservoir was 
approximately five gallons of water. Figure 3-3 shows the view of the Dodge 
Durango being washed and the initiation of runoff because of this washing.
Table 3-3 shows the sequence of collection of samples during car washing. 
For example, the first sample CW-1 (Jan 2003) was collected just after rinsing 
the HC and sample CW-2 was collected after applying soap on HC and then 
rinsing off the soap with water. Each step of car washing gave different volumes 
of runoff due to the different sizes of the cars.
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Figure 3-2: Reservoir created at the end of driveway for collecting the runoff.
Figure 3-3: Field set up for collecting samples from car washing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
Table 3-3: Description of samples collected during car washing
Sample
Identification
Number
Description of the sample collected on each day of sampling
January 20,2003 March 29,2003
CW-1
CW-2
CW-3
CW-4
CW-5
CW-6
CW-7
CW-8
CW-9
HC rinsed with water only. 
Applied soap on HC and then 
rinsed with water.
FR rinsed with water 
immediately after washing HC 
on the same driveway.
Applied soap on approx. half of 
the FR and simultaneously 
rinsed with water also.
Applied soap on approx. half of 
the FR and simultaneously 
rinsed with water also. Finished 
washing FR.
Part of driveway washed with 
water.
Part of driveway washed with 
water.
Part of driveway washed with 
water. Finished washing 
driveway.
Soap solution in the bucket, left 
after washing HC & FR. Four 
ounces of soap was added in 
four gallons of water to wash two 
cars.
DD rinsed with water and soap. 
TC rinsed with water and soap.
Part of driveway washed with 
water.
Part of driveway washed with 
water.
Part of driveway washed with 
water. Finished washing 
driveway.
Tap water.
Soap solution in the bucket, left 
after washing DD & TC. Four 
ounces of soap was added in four 
gallons of water to wash two 
cars.
3.1.4
The DWF was analyzed for concentrations of pH, Ortho-P, total phosphate, 
NH3-N, N03-N (NO3-N), nitrite (NOg-N), total dissolved solids (TDS), total 
suspended solids (TSS), chemical oxygen demand (COD), dissolved Fe and 
dissolved Cu. For the car washing samples, total Fe and total Cu were also
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measured. The methods of analysis for all constituents are described in Chapter 
4.
3.2 Wet Weather Flows (WWF)
3.2.1 SampZ/ng SZfes and Sampfng Days 
During WWF event, samples were collected at a fixed time interval, to 
determine the time distribution of water quality during that event. The details and 
locations of the WWF sampling sites are summarized in Table 3-4 and Figure 
3-4. The selection of the sampling sites for this study was based on the type of 
land use in the contributing watershed. The interest was for residential areas and 
parking lots. The monitoring location, WW01-PP represents a watershed with 
residential land use in the City of Henderson. WW02-UNLV-Pk represents flow 
from a parking lot, located on the campus of the University of Nevada, Las Vegas 
(UNLV). Table 3-5 lists the monitored wet weather events. The precipitation on 
the sampling days was at least 1mm (0.04 inches), a criterion established in this 
research to collect the runoff. In general, precipitation greater than 0.04 inches 
can provide runoff. Figure 3-5 and Figure 3-6 present the location and watershed 
of the monitoring sites in a residential area and parking lot, respectively.
Table 3-4: Description of monitoring stations selected for WWF
GPS information Aar
Station Drainage each location
Identification Area
Number Land Use (acres) Latitude Longitude
WW01-PP Residential 11 35"59'13" 115%7'23"
WW02-UNLV-Pk Parking ■ 7 36°06'42.5" 115°08'27.4"
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Table 3-5: Sampling days for monitoring WWF.
Date of Cumulative
Station collection precipitation
Identification number of samples (mm)
WW01-PP 02/12/03 1 0 .2
03/15/03 2 .0
WW02-UNLV-Pk 02/12/03 10.9
04/14/03 7.80
3 .2 . 2  AfonAonng LVbaf/ier Fdrecasf 
The weather forecasts were required to be closely followed since the initiation 
of runoff in a small watershed after a short rainfall event is quick and sufficient 
time is needed to get to the field for sampling. The information for the weather 
forecast was checked on the websites of www.accuweather.com,ww.ccrfcd.org 
and www.wrh.noaa.gov. These websites were used when a rainfall event was 
expected to occur. These websites were used in watching the movement of the 
rainfall cells, the amount of precipitation and reading the discussion about the 
weather forecast
3.2.3 Cons*uenfs 
The WWF was analyzed for concentrations of pH, Ortho-P, total phosphate, 
NH3-N, nitrate (NO3-N), nitrite (NO2-N), total dissolved solids (TDS), total 
suspended solids (TSS), chemical oxygen demand (COD), total Fe, total Cu, 
dissolved Fe and dissolved Cu. The methods of analysis for all constituents are 
described in Chapter 4.
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3.3 Method of Sampling 
All the samples were grab samples collected in 1000 mL high density 
polyethylene (HOPE) bottles. Prior to sampling, the bottles were soaked for 24 
hours in phosphate free soap solution, rinsed with tap water and then rinsed 
twice with deionized (Dl) water to ensure the sample integrity after collection. In 
the field, the bottles were rinsed twice with the sample itself, stored in the 
coolers, and transported to the UNLVW ater Resources Laboratory for analysis.
3.4 Monitoring Equipment 
The equipment required for collecting samples from the field included a flow 
meter from Global Water (Model #: FP201), HOPE bottles, scale, stop watch, 
coolers, logbook, gloves, and measuring tape. Figure 3-7 shows all the field 
equipment including the zoomed view of the measuring tape, the stop watch and 
the bottom part of the flow meter.
Figuze 3-7: Monitoring equipment required to collect field data.
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CHAPTER 4
SAMPLE PRESERVATION AND EXPERIMENTAL PROCEDURES 
This chapter covers the sampling techniques and an explanation of the 
experimental procedures used to measure various constituents in the urban 
runoff. A detailed description of the experimental procedures is provided in 
Appendix A.
4.1 Sample Preservation Procedures 
Preservation techniques vary from one constituent to another and are 
important to reduce the chemical and biological activity in the sample. For 
example, biological activity in the sample may change the oxidation states of 
some constituents. The well known nitrogen and phosphorus cycles are 
examples of biological influences on sample composition. Table 4-1, Table 4-2, 
and Table 4-3 show the detailed procedures to perform preservation, for the 
constituents listed in Table 1-2. The preservation procedures are adopted from 
Standard Methods for the Examination of Water and Wastewater (APHA, 1998).
41
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Parameter Preservation Filtration Method # Notes
pH Measure pH of lOOOmL txittle 
promptly after sampling.
No filtration 
required
Nitrite Start NO^ determinations 
promptly after sampling to prevent 
t)actenal conversion of NCr to 
NO^. For short-term preservation 
for 1-2d, store at4°C.
No filtration 
required
HACH-21071-69
Nitrate Start NO^ determinations 
promptly after sampling. If storage 
is necessary, store up to 2 d at 
4°C; disinfected samples are 
stable much longer without add 
preservation. For longer storage 
of unchlorinated samples, 
preserve with 2mUL conc. H2SO4 
and store at 4°C.
No filtration 
required
HACH-21061-69 1. When sample is preserved with 
add, NO^ and NO  ̂cannot be 
determined as individual spedes.
2. If add preservation is used, 
neutralize samples with 5N NaOH 
solution t)efore making the 
determination.
Ammonia Most reliable results are obtained 
on fresh samples. If samples are 
to t)e analyzed within 24h of 
collection, refrigerate unaddifled 
at 4°C. For preservation up to 
28d, preserve samples by 
addifying to pH<2 with conc. 
H2S()4  and storing at 4°C.
No filtration 
required
HACH-26680-00 1. If chlorine is known to be 
present the sample must be 
treated immediately with sodium 
thiosulphate
2. If add preservation is used, 
neutralize samples with NaOH or 
KOH Immediately before making 
the determination.
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C/) Table 4-2: Preservation techniques for Ortho-P, COD, TP-P, TDS and TSS (APHA, 1998).
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Parameter Preservation Filtration Method # Notes
Ortho-P Maximum storage recommended 
is 48h
Filtration required 
Use 0.45 |im 
Mentrane filter. 
Wash membrane 
Alters by soaking In 
distilled water t)elbre 
use because they 
can contribute 
signlAcant amounts 
of phosphorus to 
samples containing 
low concentrations 
of phosphate.
HACH-21060-69 
and
Standard Method 
4500-PE
1. Don't store samples containing 
low concentraAons of phosphorus 
in plastic botAes unless kept in 
frozen state because phosphates 
may t)e adsoited onto the walls 
of plasAc botAes.
2. Rinse all glass containers with 
hot dilute HCI, then rinse several 
times in reagent water.
COD Test unstable samples without 
delay. If delay before analysis is 
unavoidable, preserve san^e by 
acidification to pH<2 using conc. 
H2SO4 .
No AMratlon required HACH-8000 Blend or homogenize all samples 
containing suspended solids 
before analysis.
TP-P Add H2SO4 or HCI to pH<2 and 
cool to 4̂ 'C or freeze without any 
additions.
No AltraAon required HACH-21060-69 
and
Standard Method 
4500-PB
TDS end TSS Refrigerate the sample at 4°C up 
to the time of analysis to minimize 
microbiological decomposition of 
solids. Preferably, don't hold 
samples more than 24 h. In no 
case hold sarr^le more than 7d.
Filtration required. 
Use glass Aber Alter 
at the Ame of 
sample analysis (1 . 2  
pm)
Stancbrd Method 
2540 C and 2540 
D
CJ
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C/) Table 4-3: Preservation techniques for total Fe, total Cu, dissolved Fe and dissolved Cu (APHA, 1998)
Parameter Preservation Filtration Method # Notes
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Total Fe and
Total Cu
Fe and Cu 
(dissolved)
Preserve samples Immediately 
after sampling by acidifying with 
conc. nitric add (HNO3) to pH<2. 
Usually I.SmL conc. HNOVL 
sample is sufAdent for short-term 
preservation. For samples with 
high buffer capacity, Increase 
amount of add (5mL may be 
required for some alkaline or 
highly buffered samples)
After addifying sample, 
preferably store It In a refrigerator 
at approximately 4°C to prevent 
change In volume due to 
evaporaAon. Under these 
conditions, samples with metal 
concentrations of several mg/L 
are stable up to 6 months.
No AltraAon required. Standard
Method
3030E and 
3111
FiltraAon required. Filter sample (Use 
0.45 pm membrane Alter) and then 
acidl^ Altrate, and store unAI 
analyses can be performed. 
PrecondiAon Alter and Alter device by 
rinsing with 50mL deionized water. If 
Alter blank contains signiAcant metals 
concentrations, soak membrane 
Alters approximately 0.5N HCI or 1N 
HNO3.__________________________
Standard 
Method 
3030B and 
3111
1. The preferred 
sample container is 
made of
polypropylene or 
linear polyethylene 
with a polyethylene 
cap.
2. Avoid alltome 
contaminants.
3. Thoroughly dean 
sample containers 
with a metal free 
nonlonic detergent 
soluAon, rinse with 
tap water, soak in 
add, and then rinse 
with metal free water
45
1000 mL 
(Volume o f bottle containing 
sample from each site)
No preservation required
250 mL
190 mL
100 mL
Figure 4-1 : Flow chart showing the sequence of preserving the samples
Measure Nitrate 
90(30) mL 
Ts=48h
Solids (TSS + TDS)
80(60) mL 
Ts=7d
COD
30(8) mL 
Ts=7d. P=H2S04
Measure Ortho- P 
80(30) mL FILTERED 
TsF=48h
100(30) mL 
T W d, P=H2S04
Measure pH of sample 
(lOOOmL) 
Ts=15 min
Dissolved Metals 
(100mL)MLTERED
Ts=6 months; P=HN03
Metals
(lOOmL)
Measure 
Total Phosphate 
250(100) mL 
P=H2S04
(T, = Storage time, P = Preservative).
The preservation techniques listed in Table 4-1, Table 4-2, and Table 4-3 are 
also summarized in Figure 4-1. The 1000 mL sample collected from every 
sampling site was required to be divided since preservation methods varied for 
different constituents. For example, NH3-N, COD and TP-P can be preserved 
using H2S04, therefore they were kept together in a SOOmL HOPE bottle. The
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maximum no of storage days (Ts), after preservation, varies for every 
constituent.
4.2 Experimental Procedures 
The experimental procedures were adopted from Standard Methods for the 
Examination of Water and Wastewater (Standard Methods) (APHA, 1998) and 
the manual for the HACH® DR-890 colorimeter (HACH, 2000). To ensure quality 
of the tests, duplicates of one out of three samples were made and measured. A 
standard was also run for each set of samples to check die authenticity of the 
instrument. Figure 4-2 shows the instrument DR/890 colorimeter from HACH. 
The experimental procedures for the constituents listed Table 1-2 are described 
in the following sections. Table 4-4 summarizes the catalog number of each 
HACH kit and different procedures from Standard Methods (APHA, 1998).
Figure 4-2: DR/890 Calorimeter
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The deciding factors for measuring each constituent by DR/890 colorimeter 
were the range of the expected values and the availability of HACH kits in the 
environmental laboratory. The potential range of each constituent during dry and 
wet weather flows was estimated from the 2001-2002 Annual Report from 
County Regional Flood Control District (CCRFCD, 2001).
Table 4-4: Summary of HACH and Standard Method procedures
Constituent HACH kit selected for 
each parameter 
Range (mg/L) Catalog #
Standard
Method
Nitrite 0-3.5 21071-69 -
N03-N 0-5.0 21061-69 -
NH3-N 0-0.5 26680-00 -
pH 1.9-19.9 - -
TDS - 2540 C
TSS - 2540 D
COD 8000 -
Ortho-P 0-2.5 21060-69 4500-PE
TP-P 0-2.5 21060-69 4500-P B 
and 4500-P E
Total Fe 0.11-500 - 3030E, 3111
Total Cu 0.07-1000 - 3030E, 3111
Dissolved Fe 0.11-500 - 3030B, 3111
Dissolved Cu - - 3030B, 3111
4.2.1 W *#e, Mtrafe and Ammon/a 
Nitrogen exists in seven oxidation states. The forms of nitrogen of greatest 
interest, in order of decreasing oxidation state, are nitrate, nitrite, ammonia, and 
organic nitrogen. Organic nitrogen has little significance in water analysis. As 
noted in Table 4-4, N03-N, nitrite, and NH3-N were measured with the HACH® 
DR/890 colorimeter.
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Figure 4-3: Corning pH/ion m eter 450.
4 .2 .3
In general, the term "solids"
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numbers 2540 C and 2540 D (APHA, 1998). Figure 4-4 shows the preparation of 
the samples for measurement of the solids.
m m
Figure 4-4: Apparatus for measuring solids
4.2.4 Chem/ca/ Oxygen Demand 
Chemical Oxygen Demand (COD) measures the total quantity of oxygen 
required by the waste to be converted to carbon dioxide and water, irrespective 
of the biological assimilability of the substances. The reactor digestion method, 
by HACH for Spectronic 20 and Spectronic 21 spectrometers, using a Milton-Roy 
Spectronic 20 Spectrometer and HACH COD reactor, was employed to measure 
COD. Figure 4-5 shows the low range vials and the spectrometer used for 
measuring COD after digestion.
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«
Figure 4-5: Milton Roy Spectronic 20 Spectrometer and low range COD vials.
4.2.5 0/#?o-Phosp/?8fe (^Odho-f^ and Tbfa/ P/?osp/?afe (TP-F^ 
Orthophosphates are measured without digestion of the sample. Total 
phosphates are comprised of poly phosphates and Ortho-P. They are measured 
after digestion of the sample. Phosphorus is important to measure since it 
supplies nutrients for the growth of organisms. As noted in Table 4-4, Ortho-P 
and TP-P were measured using both the HACH DR/890 colorimeter and 
Standard Method numbers 4500 P- B and E (APHA, 1998). The measurement of 
TP-P consists of two steps. First the sample is digested using the autoclave and 
persulfate digestion method, and then the ascorbic acid method and a 
spectrometer was used to determine the concentration of TP-P in the water 
samples.
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4.2.6 Tofa/ and D/sso/ved Fe and Cu
The effects of metals in water are varied and depend on their concentrations 
(APHA, 1998). In this research, the primary metals under consideration are Fe 
and Cu. The analysis of total Fe and total Cu requires the unaltered samples to 
be digested before measurement using the AAnalyst 100 Atomic Absorption (AA) 
spectrometer. The samples were filtered using the 0.45pm membrane filters for 
measuring the dissolved Fe and dissolved Cu. As noted in Table 4-4, metals 
were measured using the Standard Method numbers 3030 E, 3030 B and 3111 
(APHA, 1998). Figure 4-6 is the picture of the AAnalyst 100 AA spectrometer 
from Perkin Elmer to measure total and dissolved metals.
Figure 4-6: AAnalyst 100 Atomic Absorption Spectrometer
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CHAPTER 5
RESULTS & DISCUSSION
This chapter summarizes the results of the water quality data collected during 
dry and wet weather flows. The samples during dry weather flows were collected 
from storm water channels and car washing. The wet weather flow samples were 
collected from a residential area and a parking lot.
5.1 Dry Weather Flows (DWF)
5.1.1 Storm Charrrre/s
5.1.1.1 pH
Table 5-1 is the summary of pH data at different monitoring locations in 
various months. The pH scale of measurement varies from 0 to 14, with pH 7 at 
25°C as neutral. Acidic conditions increase as pH decreases (<7) and alkalinity 
increases as pH increases (>7). The increased alkalinity of waters can be due to 
presence of salts of hydroxides, carbonates and bicarbonates.
The water quality standard of pH for beneficial uses (e.g., irrigation, watering 
of livestock, municipal supply after treatment etc.) of Las Vegas Wash is 6.5-8 5 
(NDEP, 2003). The average pH in the research presented here varied from 8.0 - 
9.3 and suggests that urban runoff is mostly alkaline in nature.
52
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Figure 5-1 presents the maximum, minimum and average values of pH, listed 
in Table 5-1. Station numbers DW07, DW09, DW14 and DW17 have average pH 
values above the upper standard limit, for beneficial uses. In addition, DW07 pH 
values were always above 9.0. pH values of 9 to 10 are typically observed in 
areas where algae is growing rapidly (Sawyer et al., 1994). Station DW08 
showed a significant difference in maximum (9.6) and minimum values (7.5) of 
pH. Station DW09 showed high values of pH in the months of Mar 03 and Apr 03 
(See Table 5-1). The difference in maximum and minimum values at DW08 and 
high values in certain months at DW09 can be attributed to the occasional 
occurrence of nuisance flows into these storm water channels due to different 
urban uses. The term nuisance flows in this study is used for the flows, sources 
A)r which are unclear but can be attributed to activities from urban areas. The 
basis of the assumption for sources of nuisance flows is the observations made 
at the sampling sites during the monitoring period.
5.1.1.2 as AfArogen (N02-A/), H/trafe as /VArogen (HO3-A0 and
Ammon/a as Mfmgen (AfH3-A[)
Nitrite, nitrate and ammonia were measured and reported as N02-N, N03-N  
and NH3-N. The water quality standard of N02-N for beneficial uses of lower Las 
Vegas Wash is less than or equal to 10 mg/L (NDEP, 2003). The acute toxicity 
for N02-N ranges from values as low as 0.19 mg/L (raintxaw trout) to 140 mg/L 
(largemouth bass) (Makepeace et al., 1995). In the research presented here, the 
average N02-N levels at sampling sites varied from 0.02-0.17 mg/L (See Table
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5-2). The N02-N levels at all the stations were well below the range of regulatory 
and toxicity limits.
Figure 5-2 presents the maximum, minimum and average concentrations of 
N02-N at every station listed in Table 5-2. The station numbers DW02, DW03, 
DW04, DW12, DW13, DW14, DW15, DW16 and DW17 have N02-N in the range 
of 0.00 to 0.05 mg/L with no significant variation among these stations. The 
maximum concentration values at station numbers DW01 and DW09 are highest 
in the months of Oct 02 and Sep 02, respectively. Also, DW05, DW08, and 
DW11 show considerable difference between the maximum and minimum values 
of N02-N. This may be due to the absence of aerobic conditions or nitrobacter 
group of bacteria for conversion of N02-N to N03-N. Moreover, these stations 
may be affected by various sources of urban flows and pollution during different 
months.
The water quality standard of N03-N for beneficial uses of lower Las Vegas 
Wash is less than or equal to 100 mg/L (NDEP, 2003). The acute toxicity for 
N03-N ranges from as low as 5 mg/L (steelhead eggs) to 6000 mg/L (rainbow 
trout fingerling) (Makepeace et al., 1995). In the research presented here, the 
average N03-N levels at sampling sites varied from 0.4-7.6 mg/L (See Table 5-3 
and Figure 5-3) which is below the range of regulatory limit.
Figure 5-3 presents the maximum, minimum and average concentrations of 
N03-N at every station listed in Table 5-3. The concentrations of N03-N at 
station numbers DW03, DW04, DW12, DW13, DW14, DW15 and DW16 are 
considerably higher than the other stations. Mizell et al., (1995) established a
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relationship between the water of Flamingo Wash and shallow groundwater by 
investigating four sampling locations on Flamingo Wash, including one at Nellis 
Boulevard. Sampling location DW13, in this study, exists on Nellis Boulevard and 
has high values (5 mg/L) of N03-N. This monitoring location supports the finding 
of Mizell et al., (1995) study which states that the sampling location on Flamingo 
Wash at Nellis Boulevard carries groundwater. The concentration of N03-N at 
DW13 can be assumed as a reference concentration of N03-N in the 
groundwater for Las Vegas Valley. Therefore, the stations, DW03, DW04, DW15 
and DW16, showing higher N03-N levels than station DW13 can be assumed to 
have flows from groundwater and other urban sources. A potential source of high 
levels of N03-N in groundwater may be due to septic tanks in surrounding areas. 
As per Canter et al., (1985) septic tanks release ammonium ions into the soil and 
the nitrification process convert them to nitrite and then to nitrate. Due to mobility 
of nitrates, they can move through the soil into groundwater with minimal 
transformation.
The water quality standard of NH3-N for sustaining aquatic life is 0.08 to 2.5 
mg/L and depends on temperature and pH of the urban runoff (Makepeace et al.,
1995). NH3-N is not toxic to aquatic life if the pH of receiving waters is less than 
8 and the NH3-N concentration is less than 1 mg/L (Sawyer et al., 1994). The 
acute toxicity for NH3-N ranges as low as 0.083mg/L (salmonids) to 1.1 mg/L 
(rainbow trout) (Makepeace et al., 1995). In the research presented here, the 
average NH3-N levels at sampling sites vary from 0.01-0.90 mg/L (See Table
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5-4 and Figure 5-4). NH3-N levels at most of the stations are within the range of 
values for regulatory and toxicity limits.
Figure 5-4 presents the maximum, minimum and average concentrations of 
NH3-N at every station listed in Table 5-4. The average concentration of NH3-N 
is within the range of 0.0 to 0.5 mg/L for all the stations except DW05. The data 
in Table 5-4 shows that the concentration of NH3-N at DW05 was always above 
the lower limit of toxicity level. The high levels of NH3-N could be due to either 
the absence of Nitrosomonas group of bacteria to convert ammonia into nitrates 
and nitrites or the waters have polluted recently by septic sources and therefore 
NH3-N has not yet been get converted into other forms of nitrogen. At DW08 
there was a value of 1mg/L (toxicity limit) of NH3-N in the month of Aug 02 and 
this may be due to occasional introduction of nuisance urban flows in the storm 
channel.
Figure 5-5 represents the comparison of NH3-N, N03-N and N02-N. The 
values of N02-N are lower at all the station except for DW01 and DW09. The 
trend of high N03-N levels can be seen at most of the stations with lower N02-N  
levels.
5.1.1.3 Orlho-P and TbW Phosphate (7P-F^
Table 5-5, presents the data for Ortho-P at different monitoring locations in 
various months. Figure 5-6 is the graphical representation of the maximum, 
minimum and average concentrations of Ortho-P at every station listed in . The 
sources of phosphorus in storm water can be fertilizers, industrial wastes, 
detergents and organic material.
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DW03, DW04, DW05, DW07, DW09, DW12, DW13, DW14, DW15, DW16 
and DW17 have levels of Ortho-P less than 0.1 mg/L. Stations DW01, DW02, 
DW08 and DW11 all have higher levels of Ortho-P. Higher phosphate levels may 
be due to excessive irrigation flows or nuisance flows in these storm channels.
On the basis of observations made in the field, DW02 and DW11 carried flows 
only during the morning hours and these flows may be attributed to runoff from 
excessive irrigation of landscape areas. Also DW02 is located at the upstream 
end of the station number DW11 and DW02 is carrying runoff from a bigger sub 
watershed. Therefore, average concentrations of Ortho-P are approximately 
three times higher than at station DW02. Station DW08 had low flows but high 
concentrations and this is probably due to nuisance flows.
Table 5-6, presents the data collected for TP-P at different monitoring 
locations in various months. Figure 5-7 presents the maximum, minimum and 
average concentrations of TP-P at every station listed in Table 5-6. Stations 
DW03, DW04, DW05, DW12, DW13 and DW14, have levels of total phosphorus 
less than 0.1 mg/L. Stations DW01, DW02, DW07 and DW11 have phosphorus 
existing mostly in the soluble form (Ortho-P) because there is not a significant 
difference in the concentrations of Ortho-P and TP-P (See Figure 5-6 and Figure 
5-7). The stations numbers DW09 and DW15 have high levels of TP-P, which 
implies that most of the phosphorus is in particulate form as the Ortho-P levels 
were very low at these stations. Phosphorus does not reach groundwater easily 
since it can be easily retained by the soils due to chemical changes and 
adsorption (Canter et al., 1985).
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5.1.1.4 Tbfa/ Suspended So/rds (TSSî) and Tbfa/ D/sso/ved So//ds (ID S ) 
Table 5-7 presents the data for TSS at different monitoring locations in 
various months. Figure 5-8 presents the maximum, minimum and average 
concentrations of TSS at every station listed in Table 5-7. As per NDEP (2003), 
the water quality standard of TSS for beneficial uses is less than or equal to 135 
mg/L. The stations are well below the required beneficial use standard. Higher 
levels of TSS at DW11 and DW15 are probably due to construction activities 
going on near and upstream of these sites. Knowing the impacts of high TSS 
levels, it is suggested that measures be taken to stop inflow of suspended solids 
from the construction sites into the storm water drains.
The concentration of TDS depends on the presence of carbonate, chloride, 
calcium, bicarbonate, magnesium, nitrate, sodium ions and other ions. A certain 
concentration of TDS is necessary for aquatic life. Very high TDS concentrations 
can affect the growth of aquatic life, reduce water clarity and may lead to 
increase of water temperature. As per NDEP (2003) the water quality standard of 
TDS for beneficial uses is less than or equal to 3000 mg/L.
Table 5-8 presents the data collected for TDS at different monitoring locations 
in various months. Figure 5-9 presents the maximum, minimum and average 
concentrations of TDS at every station listed in Table 5-8 . More than half of the 
stations are above the regulatory limit. High levels of TDS are at locations where 
both groundwater and excessive irrigation flows are expected to enter the storm 
water channels. High levels of fertilizers in excessive irrigation runoff increase 
TDS levels due to presence of phosphate, nitrate, sulfate and ammonium ions.
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The high levels of TDS at Station DW13 is consistent with data from Mizell et al., 
(1995) and is showing high values (3181 mg/L) of TDS. The concentration of 
TDS at DW13 can be assumed as a reference concentration of TDS in 
groundwater. Therefore, DW03, DW04, DW05, DVV14, DW15 and DW16, 
showing levels higher than station DW13 can be assumed to have flows hom 
both urban sources and groundwater flows.
5.1.1.5 Chemrca/ Oxygen Demand (COP)
COD is the quantity of oxygen required by the organic matter in the urban 
runoff to get converted to cartaon dioxide and water. Excessive COD demand can 
decrease the oxygen levels in the receiving bodies. Table 5-9 presents the data 
collected for COD at different monitoring locations in various months. Figure 5-10 
presents the concentrations of COD at every station listed in Table 5-9. The 
maximum, minimum and average values of COD for all the stations except DW08 
and DW09 are within the range of 0-100 mg/L. This implies most of the 
monitoring locations are free from organic compounds. At station DW08 and 
DW09, mostly the sampling was done in the afternoon at or after 2:00 pm. Due to 
high temperatures on certain sampling days, it was observed that DW08 carries 
no runoff. The low quantity of the flows in these channels and high COD levels 
suggest that the flows are nuisance. Also, DW09 is located in the Central Basin 
where urban land uses account for 85 % of the watershed.
5.1.1.6 D/sso/ved //on (Fe) and D/aso/ved Copper (Cu)
Iron (Fe) is considered an essential element for most organisms in small 
quantities but may be toxic at higher concentrations and is mostly associated
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with suspended solids. The U .S. EPA chronic standard for total iron as Fe is 1.0 
mg/L in water. Fe concentrations in the Las Vegas Wash exceeded this standard 
in 1999 and 2000 (Tuttle et al., 2002). In the research presented here, the 
concentration for most of the samples was always less than the detection limit (< 
0.11 mg/L) of AA. Stations DW12, DW13 and DW14, DW16 and DW17 showed 1 
mg/L of dissolved Fe in the samples during the months of Apr 2003 and Mar 
2003. For station number DW11 the average concentration for dissolved Fe was 
0.13 mg/L.
Cu may be harmful to fish at concentrations in water between 0.005 and 0.01 
mg/L. Cu concentrations met or exceeded 0.01 mg/L in more than half (66 of 
127) of the Las Vegas Wash water samples reported by the Southern Nevada 
Water Authority. The highest reported concentration was 0.27 mg/L (Tuttle et al., 
2002). The concentration for all the samples in the research presented here was 
always less than the detection limit (< 0.077 mg/L) of AA.
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Table 5-1 : Water quality data of dry weather urban runoff in terms of pH
Station Identification 
Number Aug-02 Sep-02 Oct-02
p H -
Nov-02 Mar-03 Apr-03 Average
DWOI-Flam 8.7 8 . 6 8.4 8 . 6 8.3 8.5
DW02-GV 8.5 8.5 8.4 8.5 8.5
DW03-Pitt 8.4 8 . 2 8.3 8 . 2 8.4 8.3 8.3
DW04-Duck 8.4 8 .1 8 .1 8 .1 8 . 2 8 . 2 8 . 2
DW05-Raw 7.7 7.8 7.8 8 . 6 8 . 0 8 . 0
DW07-Range 9.3 9.4 9.3 9.3 9.6 9.1 9.3
DWOB-Chey 8 . 0 7.5 8.9 9.6 8 . 6 8.5
DW09-LVcreek 7.6 8 . 2 8 . 6 1 0 .1 9.5 8 . 8
DW11-PPO 8.3 8.3 8.4 8.3 8.3 8.3
DW12-Lamb-Flam 8.3 8 . 6 8 . 2 8.3 8.3
DW13-GC-Flam 8 .1 8 . 6 8 . 2 8 . 2 8.3
DW14-Canat)a 8 . 6 8.9 8.9 8.4 8.7
DW15-BH-Duck 8 . 2 8.3 8 . 2 8 .1 8 . 2
DW16-Broadbent 8.3 8 . 2 8 2 8 . 2 8 . 2
DW17-CheyenneE 8 . 6 8.7 8.5 8.5 8 . 6
10.5
10.0 -
9.5 -
Q.
7.5 -
7.0
Station identification number
Figure 5-1: Maximum, minimum and average values of pH
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Table 5-2: Water quality data of dry weather urban runoff In terms of NO2-N
station Identification
Concentration of nitrite (N02-N) in (mg/L)
Number Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
DWOI-Flam 0.09 0.27 0.12 0.36 0.03 0.17
DW02-GV 0.02 0.04 0.02 0.04 0.03
DW03-Pitt 0.02 0.02 0.02 0.02 0.01 0.01 0.02
DW04-Duck 0.01 0.01 0.00 0.01 0.03 0.03 0.02
DW05-Raw 0.04 0.09 0.12 0.01 0.03 0.06
DW07-Range 0.07 0.03 0.04 0.04 0.04 0.04 0.04
DW08-Chey 0.05 0.12 0.05 0.00 0.00 0.04
DW09-LVcreek 0.27 0.08 0.09 0.06 0.03 0.11
DW11-PPO 0.02 0.03 0.13 0.02 0.01 0.04
DW12-Lamt)-Flam 0.03 0.02 0.01 0.01 0.02
DW13-GC-Flam 0.03 0.03 0.01 0.01 0.02
DW14-Canaba 0.04 0.02 0.02 0.04 0.03
DW15-BH-Duck 0.02 0.02 0.02 0.03 0.02
DW16-Broadbent 0.04 0.02 0.03 0.03 0.03
DW17-ChevenneE 0.04 0.04 0.04 0.03 0.04
0.30
0.25 -
0.20 -
0.15 -
0.10 -
0,05 -
0.00
station identification number
Figure 5-2: Maximum, minimum and average values of N02-N
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Table 5-3: Water quality of dry weather urban runoff in terms of NO3-N
Concentration of nitrate (NO3-N) in mg/L 
Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
Station Identification 
Numt)er
DW01-Flam 1 . 2 3.6 2.4 0.9 1 . 8 2 . 0
DW02-GV 0.4 1 . 2 1 . 0 0 . 6 0 . 8
DW03-Pitt 8.8 8.7 8 . 6 9.0 5.2 5.2 7.6
DW04-Duck 7.8 8 . 8 7.1 8 . 0 5.0 5.8 7.1
DW05-Raw 0.4 1 . 2 1 . 2 0.3 2.4 1 .1
DW07-Range 1.9 3.1 2 . 8 3.2 2.5 3.8 2.9
DW08-Chey 0.4 0 . 0 1.4 0 . 2 0 . 2 0.4
DW09-LVcreek 0 . 0 1.4 4.4 1 .1 2 . 2 1 . 8
DW11-PPO 0 .1 0.5 1.7 1.7 0.3 0.9
DW12-Lamb-Flam 5.9 6 . 0 4.8 4.0 5.2
DW13-GC-Flam 6 . 2 5.6 4.4 3.6 5.0
DW14-Canaba 6 . 2 5.8 3.3 4.4 4.9
DW15-BH-Duck 8.3 8 . 2 3.8 5.4 6.4
DW16-Broadbent 7.4 7.4 3.4 4.6 5.7
DW17-ChevenneE 3.4 2 . 6 2.3 3.0 2 . 8
10
6  -
Î
Î
station identification number
Figure 5-3: Maximum, minimum and average values of N03-N
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Table 5-4: Water quality of dry weather urban runoff in terms of NH3-N
station Identification 
Number
Concentration of NHg-N in (mg/L)
Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
DWOI-Flam 0.22 0.04 0.01 0.04 0.03 0.07
DW02<3V 0.14 0.15 0.02 0.02 0.08
DW03-Pitt 0.02 0.38 0.00 0.00 0.03 0.09
DW04-Duck 0.05 0.01 0.24 0.01 0.03 0.07
DW05-Raw 0.10 0.16 0.13 3.20 0.90
DW07-Range 0.14 0.03 0.00 0.02 0.05
DW08-Chey 1.05 0.53 0.00 0.02 0.40
DWOB-LVcreek 0.53 0.17 0.04 0.06 0.20
DW11-PPO 0.02 0.12 0.11 0.23 0.08 0.11
DW12-Lamb-Flam 0.00 0.02 0.00 0.20 0.05
DW13-GC-Flam 0.02 0.02 0.00 0.00 0.01
DW14-Canaba 0.06 0.00 0.00 0.00 0.02
DW15-BH-Duck 0.18 0.01 0.27 0.00 0.12
DW16-Broadbent 0.00 0.04 0.15 0.20 0.10
DW17-ChevenneE 0.04 0.00 0.03 0.02 0.02
I
3.5
3.0
2.5 -
2.0  -
1.5 
1.0  -  
0,5 - 
0.0  - I  % $ I
station identification number
Figure 5-4: Maximum, minimum and average values of NH3-N
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Figure 5-5: Comparison of N02-N, N03-N and NH3-N
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Table 5-5: Water quality data of dry weather urban runoff in terms of Ortho-P
station Identification 
Number
Concentration of Ortho-P in (mg/L)
37469.00 37500.00 37530.00 37561.00 37681.00 37712.00 Average
DWOI-Flam 0.15 0.12 0.16 0.11 0.29 0.17
DW02-GV 0.52 0.38 0.22 0.41 0.38
DW03-Pitt 0.12 0.02 0.02 0.06 0.10 0.10 0.07
DW04-Duck 0.14 0.00 0.10 0.12 0.10 0.09
DW05-Raw 0.07 0.06 0.06 0.08 0.09 0.07
DW07-Range 0.15 0.00 0.06 0.10 0.09 0.08
DW08-Chey 2.30 0.27 0.06 0.11 0.78 0.70
DW09-LVcreek 0.20 0.06 0.11 0.05 0.07 0.10
DW11-PP0 0.21 0.18 0.14 0.21 0.19 0.19
DW12-Lamb-Flam 0.01 0.10 0.06 0.10 0.07
DW13-GC-Flam 0.01 0.07 0.06 0.11 0.06
DW14-Canaba 0.01 0.10 0.03 0.09 0.06
DW15-BH-Duck 0.01 0.09 0.05 0.05
DW16-Broadbent 0.04 0.08 0.04 0.08 0.06
DW17-CheyenneE 0.01 0.07 0.04 0.08 0.05
2.5
2.0
1.5
0.5 -
0.0 , , $ T T T -!
I  ^X T T T "IT 3E w
Station identification number
Figure 5-6: Maximum, minimum and average values of Ortho-P
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Station Identification 
Nurrter
Concentration of TP-P in (mg/L)
Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
DW01-Flam 0.16 0.27 0.24 0.17 0.42 0.25
DW02-GV 0.60 0.28 0.44 0.28 0.40 0.40
DW03-Pitt 0.07 0.07 0.06 0.05 0.03 0.10 0.06
DW04-Duck 0.07 0.04 0.01 0.06 0.08 0.05
DW05-Raw 0.11 0.11 0.10 0.06 0.06 0.09
DW07-Range 0.21 0.05 0.14 0.12 0.11 0.09 0.12
DW08-Chey 3.10 0.13 0.90 0.38 0.67 1.04
DW09-LVcreek 0.80 0.35 0.14 0.08 0.07 0.29
DW11-PP0 0.33 0.28 0.23 0.28 0.21 0.27
DW12-Lamb-Flam 0.05 0.09 0.04 0.11 0.07
DW13-GC-Flam 0.03 0.09 0.03 0.09 0.06
DW14-Canaba 0.06 0.12 0.02 0.06 0.06
DW15-BH-Duck 0.04 0.17 1.32 0.18 0.43
DW16-Broadbent 0.05 0.16 0.24 0.14 0.15
DW17-ChevenneE 0.04 0.16 0.01 0.07
3.5
3.0 -
2.5 -
2.0
1.5
1.0 -
0.5 -
0.0
Î Î $ -L 1
Station identification number
Figure 5-7: Maximum, minimum and average values of TP-P
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Table 5-7: Water quality data of dry weather urban runoff in terms of TSS
station Identification 
Number
Concentration of TSS in (mg/L)
Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
DW01-Flam 13 53 36 21 31 31
DW02-GV 560 18 9 5 46 128
DW03-Pitt 265 41 45 44 15 82
DW04-Duck 29 71 29 44 53 45
DW05-Raw 15 119 31 49 36 50
DW07-Range 127 44 48 81 21 41 60
DW08-Chey 105 153 264 28 50 120
DW09-LVcreek 234 5 13 34 66 70
ow n-PRO 215 67 72 1437 47 368
DW12-Lamb-Flam 23 51 30 35 35
DW13-GC-Flam 34 40 28 38 35
DW14-Canaba 54 61 53 60 57
DW15-BH-Duck 45 61 1680 153 485
DW16-Broadbent 63 63 221 136 121
DW17-ChevenneE 30 23 26
1800
1600 -
1400 - 
1200 
1000 
800 
600 
400 
200 - 
0  -
Î
Station identification number
Figure 5-8: Maximum, minimum and average values of TSS
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Table 5-8 : Water quality data of dry weather urban runoff in terms of TDS
Station Identification 
Number Aug-02
Concentration of TDS in (mg/L) 
Sep-02 Oct-02 Nov-02 Mar-03 Apr-03 Average
DW01-Flam 2968 3138 1652 3664 838 2452
DW 02-GV 1380 810 786 710 898 917
DW03-Pitt 3952 3434 3398 3266 3172 3444
DW04-Duck 5380 3306 5048 5014 4902 5086 4789
DW05-Raw 3534 4874 4200 4710 4136 4291
DW07-Range 2282 2082 1884 1848 1942 2044 2014
DW06-Chey 1150 370 948 1134 1288 978
DW09-LVcreek 1362 1570 1604 1836 1408 1556
DW11-PPO 4449 3809 4246 3911 4027 4088
DW 12-Lamb-Flam 3020 3190 3124 2956 3073
DW13-GC-Flam 3172 3364 3084 3102 3181
DW14-Canaba 4920 4954 5096 5020 4998
DW15-BH-Duck 4950 4928 4490 5224 4898
DW16-Broadbent 5022 5098 5190 5198 5127
DW17-ChevenneE 1558 1634 1776 1760 1682
i
g
6000
5000
4000
3000
2000 -
1000 -
Î
I
Ï
1
Î
tr  V' (T- ^
station identification number
Figure 5-9: Maximum, minimum and average values of TDS
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Table 5-9: Water quality data of dry weather urban runoff in terms of COD
station Identification
Concentration of COD in (mg/L)
Number Aug-02 Sep-02 Oct-02 Nov-02 Mar-03 Average
DWOI-Flam 15.0 16.9 50.2 38.4 30.1
DW02-GV 23.1 44.4 0.0 41.4 27.2
DW03-Pitt 13.2 11.3 0.0 53.0 25.6 20.6
DW04-Duck 6.6 15.0 0.0 32.1 22.2 15.2
DW05-Raw 30.0 0.0 53.0 35.3 29.6
DW07-Range 41.4 58.5 3.7 63.8 32.1 39.9
DW08-Chey 100.4 275.4 118.4 80.9 143.8
DW09-LVcreek 264.0 11.3 67.5 63.8 101.7
DW11-PPO 68.7 54.3 41.0 73.2 59.3
DW12-Lamb-Flam 0.0 20.5 64.2 28.2
DW13-GC-Flam 1.9 18.7 44.4 21.7
DW14-Canaba 7.5 11.3 37.4 18.7
DW15-BH-Duck 15.0 0.0 100.4 38.5
DW16-Broadbent 0.0 15.0 64.2 26.4
DW17-ChevenneE 7.5 0.0 44.4 17.3
300
§
250 -
200  -
150
100 -
50 -
{
i
I I
Station Identification number
Figure 5-10: Maximum, minimum and average values of COD
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51 .1 .7  CompulaObn of Tola/ Po/fulanl Loads from Sfom? kVWer Channe/s 
Total pollutant loads were calculated from constituent concentrations and the 
flow rate of the urban runoff in the storm water channels. The value of flow rate at 
each site is the average of the data collected at different times of a year. The 
detailed flow calculations are shown in Appendix C. Table 5-10 represents the 
pollutant loads draining to the Las Vegas Wash through various storm water 
channels. The sampling site DW13 is carrying the maximum rate of flow among 
other stations and hence the pollutant loads are high for this station. Among 
various constituents, the loads of TDS and N03-N are highest at most of the 
DWF locations.
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station & Sample 
Identification #
Average 
Flow rate (Ue) NO; NO; NH, Ortho-P TP-P TSS
Pollutant loade (kg/yr) 
TDS COD
DWOI-Flam 58.1 286 3288 78 334 487 54086 3863601 78038
DW02-GV 0.2 0 7 0 2 2 78 5613 555
DW03-PIW 56.4 28 14567 253 81 85 42487 3456516 68082
DW04-Duck 71.0 36 12323 222 167 100 74851 8008661 38653
DW05-Raw 2.2 2 37 16 5 5 2688 288168 3088
DW07-Range 8.1 9 783 3 15 25 12741 487323 13411
DW08-Chey 0.9 3 2 12 8 6 3733 14608 8334
DWOS-LVcreek 17.8 70 1352 133 70 177 52035 832804 72758
DW11-PP0 4.2 3 77 13 25 35 41658 534813 6808
DW12-Lamb-Flam 182.4 87 28573 168 270 316 164422 17614025 223275
DW13-GC-Flam 3311.5 1270 384887 148 10807 8037 3880802 324856800 130062
DW14-Canaba 37.8 45 6342 46 32 58 64833 5834166 21234
DW15-BH-Duck 589.7 411 136008 1068 867 3534 2713551 82855668 186205
DW16-Broadbent 432.6 404 78876 1437 815 1881 1485197 68888686 216678
DW17-CheyenneE 101.4 117 8547 82 171 82 32488 5418837 35528
CDQ.
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5 .1 2  Pofenf/a/ Sources of OM/F in Sfom? Channels - Using Ciusfer Ana/ysis 
The statistical method, cluster analysis of observations was used to 
objectively group together DWF monitoring stations that have similar water 
quality and sources of flow. The software MINITAB was employed to run cluster 
analysis on the given set of stations and water quality parameters.
5. f . 2. f  Ciusfer Ana^sis of Obse/vafions
Cluster analysis of obsenrations organizes similar observations into groups, 
when the groups are initially not known. The observations in each group are 
similar with respect to the clustering variables. This method uses an 
agglomerative hierarchical method to yield a series of successive agglomerations 
of data points. The hierarchical procedure starts with all observations being 
separate, each forming its own cluster. Firstly, the two observations closest 
together are joined. In the second step, either a third observation joins the first 
two, or the two observations join together into a different cluster. This process will 
continue until all clusters are joined into one; however, a single cluster is not 
useful for final grouping of clusters. Final grouping (final partition) identifies 
groups whose observations share common characteristics. The final grouping is 
obtained by assuming the number of clusters and cutting a dendrogram, a 
graphical representation of the group of clusters (see Figure 5-11) (Sharma,
1996).
The data required for obtaining the final results from the hierarchical method 
of cluster analysis include the variables, the type of linkage method and the 
distance measure method. The variables are the columns containing the
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measured data; the linkage method determines how the distance between two 
clusters is defined, and distance measure method determines the distance matrix 
of N*N (N=number of observations).
5. f.2 .2  S/gn*cance of C/usferAna/ys/s
Cluster analysis is useful in a situation when collected data contains large 
number of observations and they seem to be meaningless unless classified into 
manageable groups. Cluster analysis is a technique which is specifically 
developed for this purpose (Grimm et al., 2000). In this research, cluster analysis 
was used to combine the DWF monitoring stations with similar water quality 
characteristics and possibly the same source of flow.
5. f.2 .3  D I4F Data Used A)r C/usfer Ana/ys/s of Observaf/ons
For this research, each monitoring station represents an observation and 
each water quality parameter represents a variable. The water quality 
parameters N03-N, TP-P, TDS and COD were selected as variables to run the 
cluster analysis. These parameters were used because they are general water 
quality parameters that are independent. Table 5-11 represents the average 
concentrations of various constituents (variables) at different DWF monitoring 
stations (observations). This also represents a matrix used in cluster analysis for 
grouping the obsen/ations.
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Table 5-11 : DWF data used for performing cluster analysis of observations
Average concentration in mg/L
Station Identification Number Station no N03-N TP-P TDS COD
DW01-Flam 1 2 0.25 2452 30.1
DW02-GV 2 0.8 0.4 917 27.2
DW03-Pitt 3 7.6 0.06 3444 20.6
DW04-Duck 4 7.1 0.05 4789 15.2
DW05-Raw 5 1.1 0.09 4291 29.6
DW07-Range 6 2.9 0.12 2014 39.9
DW08-Chey 7 0.4 1.04 978 143.8
DW09-LVcreek 8 1.8 0.29 1556 101.7
DW 11-PP0 9 0.9 0.27 4088 59.3
DW12-Lamb-Flam 10 5.2 0.07 3073 28.2
DW13-GC-Flam 11 5 0.06 3181 21.7
DW14-Canaba 12 4.9 0.06 4998 18.7
DW15-BH-Duck 13 6.4 0.43 4898 38.5
DW16-Broad bent 14 5.7 0.15 5127 26.4
DW17-CheyenneE 15 2.8 0.07 1682 17.3
The input data for performing cluster analysis was specified as single linkage 
method and Euclidean distance measure method. The Euclidean distance 
between variables is used as a measure of similarity between two observations. 
The more similar the observations, the smaller the distance laetween them and 
vice versa. The final grouping of the clusters depends on where the dendrogram 
has been cut. The final outcome of cluster analysis is represented in Figure 5-11 
and Appendix C. Figure 5-11 represents the dendrogram in which the 
observations are listed on the horizontal axis and similarity on the vertical axis.
In the dendrogram, at each step two clusters were joined and the 
amalgamation continued until there is just one cluster. The cluster numbers for 
different groups are listed in Table 5-12 arxf were obtained after cutting the 
dendrogram. For instance, observation (monitoring station) number 7 makes up
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the first cluster, 8 the second, 3 and 4 the third, 5 and 9 the fourth, 1 ,2  and 6 the 
fifth, 10,11,12,13 and 14 the sixth and 15 makes up the seventh. The 
dendrogram was cut at a similarity level of 78 because at this level the grouping 
(i.e. the number of clusters) seems to be most logical for the data.
Cutting the dendrogram
86.92
83 .46
100.00
Figure 5-11 : Dendrogram for DWF water quality data
5.1.2.4 D/scuss/on of ResuAs Aom C/usfer ̂ na/ys/s
Table 5-12 represents the cluster numbers obtained after performing cluster 
analysis of observation on the DWF data listed in Table 5-11. Cluster five 
grouped together station numbers DW01, DW02, and DW07. This cluster 
represents stations with moderate levels of N03-N, TP-P and TDS.
Cluster three grouped together station numbers DW03 and DW04. This 
cluster represents stations with high N03-N, moderate TDS and low TP-P levels. 
Also, TDS and N03-N levels are higher than beneficial use standard of 3000
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mg/L and toxicity limit of 5mg/L respectively. High N03-N levels are generally 
present in groundwater and this implies these stations were possibly influenced 
by groundwater flows.
Cluster four grouped together station numbers DW05 and DW11. This cluster 
represents stations with high TDS and low N03-N levels. The concentration of 
TDS is greater than beneficial use standard of 3000mg/L. The stations are 
possibly influenced by excessive irrigation Mows.
The station numbers DW08, DW09 and DW17 didn't form any group because 
concentrations of all the constituents are showing great dissimilarity. This may be 
because these stations are being influenced by flows from urban land uses such 
as excessive irrigation or nuisance flows.
Cluster six grouped together station numbers DW12 through DW16. This 
cluster represents stations with high TDS and N03-N levels. The high levels of 
TDS and N03-N are may be due to presence of groundwater Mows. The 
concentration of TP-P is high for stations DW15 and DW16. The high levels of 
TP-P are may be due to presence of excessive irrigation Mows at these stations.
Figure 5-12 summarizes the concentrations of various constituents at different 
monitoring locations and their respective cluster numbers. The levels of TDS and 
N03-N are higher in the sampling sites located near the wash. These sites 
appear to be inMuenced by mostly groundwater Mows. The levels of COD are low 
for all the stations except DW08. The ortho-P and TP-P levels at DW08 are 
highest among other stations. Due to the presence of low levels of TDS and
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N03-N, the sampling sites upstream of the Las Vegas wash seem to be 
influenced by excessive irrigation and nuisance Mows.
Table 5-12: Results obtained from cluster analysis
Station Identification Number Station no
Average
N03-N
concentration in mg/L 
TP-P TDS COD
Cluster
No
DW08-Chey 7 0.4 1.04 978 143.8 1
DW09-LVcreek 8 1.8 0.29 1556 101.7 2
DW03-Pitt 3 7.6 0.06 3444 20.6 3
DW04-Duck 4 7.1 0.05 4789 152 3
DW05-Raw 5 1.1 0.09 4291 29.6 4
DW11-PPO 9 0.9 0.27 4088 59.3 4
DWOI-Flam 1 2 025 2452 30.1 5
DW02-GV 2 0.8 0.4 917 272 5
DW07-Range 6 2.9 0.12 2014 39.9 5
DW12-Lamb-Flam 10 5.2 0.07 3073 282 6
DW13-GC-Flam 11 5 0.06 3181 21.7 6
DW14-Canaba 12 4.9 0.06 4998 18.7 6
DW15-BH-Duck 13 6.4 0.43 4898 38.5 6
DW16-Broadbent 14 5.7 0.15 5127 26.4 6
DW17-CheyenneE 15 2.8 0.07 1682 17.3 7
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Figure 5-12: Concentrations of various constituents at different monitoring locations and their respective cluster numbers
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5.1.3 Car Wiash/ng 
As noted in Chapter 3, the samples from car washing were collected on 
January 20, 2003 and March 29, 2003. Figure 5-13 and Figure 5-14 represents a 
plot between normalized volume and different constituents on the above days. 
The normalized volume was used to show how the pollutant concentrations were 
varying in terms of the overall volume. Table 5-13 presents the volumetric data 
as well as the normalized volume.
Table 5-13: Calculation of normalized volume for car washing samples
Date of 
Collection 
of sample
Sample
identification
number
Volume of 
each 
collected 
Sample 
(L)
Cumulative
volume
Normalized
volume^
01/20/2003 CW-1 3.8 3.8 0.04
CW-2 11.4 15.2 0.15
CW-3 13.2 28.4 0.28
CW-4 13.2 41.6 0.41
CW-5 19.0 60.6 0.59
CW - 6 13.2 73.8 0.72
CW-7 13.2 87.1 0.85
CW - 8
Total
collected
15.1
1 0 2 .2
1 0 2 .2 1 .0 0
03/29/2003 CW-1 11.3 11.3 0.14
CW-2 15.1 26.4 0.32
CW-3 19.0 45.4 0.54
CW-4 19.0 64.4 0.72
-----1-------------
CW-5
Total
collected
19.0
83.4
83.4 1 .0 0
Cumulative volume 
TbW coZ/gcfaf vo/ume
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Figure 5-13: (a), (b) and (c): Water quality data collected from car washing on 
Jan 20**", 2003 and (d), (e) and (f): Water quality data collected from car washing 
on Mar 29**', 2003.
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Figure 5-14: (a): Water quality data collected from car washing on Jan 20"', 2003 
and (b) and (c): Water quality data collected from car washing on Mar 29"', 2003.
In Figure 5-13 (a) and (d); Ortho-P and TP-P are showing different patterns 
for both car washing events. On comparing the above events, the event on Mar 
29"', 2003 gave higher values of Ortho-P but lower values of TP-P. Both figures 
are showing higher values for the last sample which was the wash off from the 
driveway. This may be due to accumulation of dirt and soap solution left on the 
driveway after washing. Also, the concentrations are very high as compared to
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DWF and DWF had average concentrations of 0.05-0.7 mg/L for Ortho-P and 
0.05-1.04 mg/L for TP-P.
In Figure 5-13 (b) and (e); NO3-N, NO2-N and NH3-N have different patterns 
for both car washing events. Car washing on Jan 20"', 2003 gave higher values 
of NH3-N and NO3-N but lower values of NO2-N. Moreover, higher values for the 
last sample were seen from the driveway. On Mar 29"" 2003, the levels of NO2-N 
were very high and had exceeded the lower toxicity limit (0.19 mg/L). Moreover, 
NH3-N is above the lower toxicity limit (0.08 mg/L) criteria for both car washing 
events. In Figure 5-13 (c) and (f); the range of pH is different on both days of 
collecting the samples. The COD levels are high on both days, as compared to 
DWF (15-143 mg/L). The COD decreased as the washing proceeded on Jan 20*" 
2003; however the COD increased as washing proceeded on Mar 29*" 2003.
In Figure 5-14 (a) and (b), TDS levels are similar for both car washing events. 
The TDS levels are lower than the standard of 3000 mg/L for beneficial uses. 
Figure 5-14 (a) and (b) also show higher values of TSS for the last sample from 
driveway which may be due to accumulation of dirt on the driveway. The TSS 
levels are above the limits of 135 mg/L for beneficial uses of Las Vegas Wash. 
Figure 5-14 (c) shows very high concentrations (2-20 mg/L) of total Fe and it 
increased with every sample of the series. The higher levels of Fe may be due to 
moving engine parts, decorative coatings or due to rusting (Harper, 1998). The 
concentration of all the samples is well above the toxicity limit. This is definitely a 
point of consideration as washing of just two cars gave high concentrations of 
total Fe.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
84
5. Y. 3. f Compufaëb/? of PO/Manf Loads Aom Car M/dsAmg
Pollutant loads are calculated from the flow and the concentration of the 
constituent. Table 5-14 and Table 5-15 summarize the loads for nutrients, 
chemical oxygen demand, solids, and metals. The loads are varying probably 
due to the type and size of car, the method of washing and the time period after 
which the car was washed. It is noteworthy that significance amounts of 
nutrients, organic material, solids and metals can be flushed into storm channels 
from car washing. The loads of various constituents are not consistent for the two 
events. The loads of Ortho-P, N02-N, COD, TDS and dissolved Fe are less for 
car washing event on Jan 20*" 2003. This may be attributed to the frequency of 
washing the car, the size of the car and the atmospheric deposition on the 
driveway. For example Figure 5-13 and Table 3-3 show that the concentration of 
ortho-P on Jan 20**" 2003 was higher for the first sample, when car was just 
rinsed with tap water. This may be because of the atmospheric deposition on the 
driveway.
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Table 5-14: Total pollutant loads, from each car washing event, for solids and 
metals.
Sample
Identification
Number
TSS (mg) TDS (mg) Total Fe(mg)
Dissolved Fe 
(mg)
Date of 
Collection of 
sample 0 1 /2 0 03/29 0 1 /2 0 03/29 0 1 /2 0 03/29 0 1 /2 0 03/29
CW-1 2888 3307 3391 10764 23 0 .0 1.1
CW-2 4780 6756 9242 12899 - 106 11.4 12.1
CW-3 5763 1750 10094 17486 - 189 0 .0 3.8
CW-4 5166 7546 9114 14875 - 322 0 .0 5.7
CW-5 4561 19753 12149 14420 ” 378 0 .0 7.0
CW - 6 7352 “ 9406 “ " - 0 .0 "
CW-7 11313 ” 7869 " - - 0 .0 “
CW- 8 22740 " 7873 “ " - 0 .0 -
Total loads 64563 39112 69138 70444 1018 11.4 29.7
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5.7.4 Companson. Sfom? Channe/s and Car W/las/7/ng 
Figure 5-15 presents the maximum and minimum concentrations of various 
constituents in the flows of storm channels and car washing.
10
8
4
2
0
Constituents
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I  
8 <s
30 -
20 •
mm# DWF
mam CW (b)
II ,n II I A
Constituents
Figure 5-15: Comparison of concentrations in storm channels and car washing 
for (a) Maximum values of pH, N02-N, N03-N, Ortho-P, TP-P, TSS, TDS and 
COD (b) Minimum values of pH, N02-N, N03-N, Ortho-P, TP-P, TSS, TDS and 
COD.
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The minimum and maximum level of concentration for NH3-N, Ortho-P, TP-P, 
TSS and COD is higher for car washing. The maximum levels of pH, N02-N, 
N03-N are nearly the same for both car washing and DWF. The minimum and 
maximum level of TDS in storm water channels is five times more than in car 
washing event. This is probably due to groundwater flows in the channels.
5.7.5 /nferprafaAbn ofResu/fs ofDI/VF 
The results of DWF are derived from the discussion in Section 5.1 and 
Section 5.1.2.
# Urban dry weather flows are alkaline in nature, as the pH was always 
above 8 . pH values between 9 to 10 were observed at the stations 
where algae was growing rapidly.
» The average value of N02-N observed for all the stations was below 
the regulatory (<10mg/L) and toxicity limit (<0.19 mg/L).
# Cluster analysis grouped together stations with high levels of TDS and 
N03-N. The high N03-N levels were may be due to leakage from 
septic tanks or due to fertilizers from landscaping. The N03-N levels 
were above the toxicity limit (> 5mg/L) and TDS levels were above the 
beneficial use standard of 3000 mg/L in the storm channels possibly 
carrying groundwater flows.
# Cluster analysis grouped the stations with high and low levels of TP-P 
separately. It appears that cluster analysis grouped together stations 
influenced by excessive irrigation flows.
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# Cluster analysis didn't group monitoring stations DW08 and DW09 with 
other stations. Moreover, the COD levels were lowest for all the 
stations, except DW08 and DW09.
# The comparison of pollutant loads from car washing showed that loads 
are probably dependent on the size of the cars, the duration after 
which cars are washed, and the amount of deposition on the driveway.
# The TP-P, COD, TSS, NH3-N and total Fe concentrations were high in 
both the car washing events as compared to the concentrations carried 
by storm channels during DWF. This implies car washing is a 
considerable source of nutrients, organic material and metals.
5.2 Wet Weather Flows (WWF)
Four wet weather events were monitored in this research. Two events were 
sampled in a parking lot and two in a residential area. Out of the four events, flow 
data was collected for an event on 04/14/2003 in the parking lot and an event on 
03/15/2003 in a residential area. It was not possible to measure the flow during 
the event on 02/12/2003 both in parking lot and residential area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
5.2. Y Padc/ngLof 
5.2. f . )  jEvenf cm 04/74/2003
Figure 5-16 and Figure 5-16 shows the pollutograph, loadograph and 
hydrograph for a storm event on 04/14/2003 in a parking lot. A pollutograph is a 
plot of pollutant concentration versus time, a loadograph is a plot of cumulative 
load versus time, and a hydrograph is a plot of flow versus time. The hydrograph 
is the same for all the plots. The pollutographs, for Ortho-P, TP-P, NH3-N, NO3-N, 
dissolved Fe and total Fe, show that the peak occurred prior to the peak of the 
hydrograph. The peak of the pollutograph and hydrograph occurred 
approximately at the same time, for TDS and TS8 . The pollutograph for NO2-N 
and COD showed two peaks, one before and another after the occurrence of the 
hydrograph peak. After the occurrence of peak of the hydrograph, the differential 
increase in the pollutant load decreased. This suggests that the rate of increase 
in pollutant loading during a storm event is more before the occurrence of the 
peak of hydrograph.
In ternis of water quality of urban runoff from the parking lot, the levels of 
Ortho-P and TP-P were high as compared to levels in storm channels during 
DWF. The concentrations of N02-N and N03-N were always below the 
regulatory (<10mg/L N02-N and lOOmg/L N03-N) and the toxicity (<0.19 mg/L 
N02-N and 5mg/L N03-N) limits. The levels of NH3-N were above the toxicity 
limit (>0.08 mg/L) at the beginning of the storm. COD concentration was low (<30 
mg/L) throughout the storni. The levels of TSS were below the criteria for 
beneficial uses (< 135 mg/L), for most part of the storm, and TDS levels were
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always below the standard of 3000 mg/L. The total Fe was above the chronic 
standard of 1 mg/L for most of the samples. The Cu concentration for all the 
samples was always less than the detection limit (0.077 mg/L) of the AA. The 
detailed calculations used for plotting Figure 5-15 and Figure 5-16 are shown in 
Appendix D.
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Figure 5-16: Representation of hydrograph, pollutograph and loadograph for the 
event on 04/14/2003 (a) Ortho-P, (b) TP-P, (c) NH3-N, (d) N03-N, (e) N02-N  
and (f) COD
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Figure 5-17: Representation of hydrograph, pollutograph, loadograph for an 
event on 04/14/2003 (a) TSS, (b) TDS, (c) dissolved Fe, and (d) total Fe.
Figure 5-18, represents the first flush curve, a plot between normalized mass 
and normalized volume, for different constituents. To detemriine the first flush, the 
normalized values of mass and volume were calculated by dividing the 
cumulative mass at different time intervals by the total mass and the cumulative 
runoff volume at different time intervals by the total volume. Geiger's (1987) 
definition of first flush requires the slope of the mass emission line (normal 
volume vs. normal mass) to exceed the diagonal (45°).
In Figure 5-18 all the constituents except N02-N , TP-P, TSS and TDS are in 
concurrence with Geiger's (1987) definition of first flush. This leads to the 
conclusion that there was a first flush for most of the constituents but not for all. 
For instance, 60% of the mass of dissolved Fe occurred in the first 40% of the
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runoff volume (Figure 5-18 (b)). First flush is important because it will help in 
knowing when the runoff from a single rainfall event is contributing high levels of 
different constituents.
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<P" Fe . to
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Figure 5-18: First flush curve (a) For Ortho-P, TP-P, NH3-N, N03-N and N02-N  
(b) For COD, TSS, TDS, Dissolved Fe and Total Fe.
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5.2.1.2 Evenf on 02/12/2003
During the storm event on 02/12/2003, the flow data was not collected. 
Therefore, Figure 5-19 presents only the pollutograph and rainfall intensity, for 
different constituents. In Figure 5-19, the time of peak in the pollutograph was 
before the peak of the hydrograph. This is an indication of a potential first flush 
phenomenon for this event. In tenns of water quality, the levels of Ortho-P and 
TP-P were high as compared to levels in storm channels during DWF. The 
concentrations of N02-N and N03-N were below the regulatory (<10mg/L N02-N  
and lOOmg/L N03-N) and the toxicity (<0.19 mg/L N02-N and 5mg/L N03-N) 
limits except for NH3-N. The levels of NH3-N were above the regulatory (Im g/L) 
and toxicity limit (0.08 mg/L) at the beginning of the storm. It is noteworthy that 
the COD was high in the beginning of the storm. The levels of TSS were below 
the criteria for beneficial uses (<135 mg/L), for most part of the storm and TDS 
levels were always below the standard of 3000 mg/L. The total Fe was above the 
chronic standard of 1 mg/L for most of the samples. The Cu concentration for all 
the samples was always less than the detection limit (0.077 mg/L) of the AA. The 
detailed calculations used for plotting Figure 5-19 are shown in Appendix D.
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Figure 5-19: Representation of pollutograph for a storm event for an event on 
02/12/2003 (a) Ortho-P and TP-P, (b) NH3-N, NO3-N and NO2-N, (c) COD,TSS 
and pH and (d) total and dissolved Fe
5.2.1.3 Compa/fson 0 /  Storm Everrts m Parfr/ng Lot
Table 5-16 summarizes the rain^ll characteristics for the two storms sampled 
in the parking lot. The event on 02/12/2003 had a longer dry period and less rain 
than the event on 04/14/2003. Figure 5-20 compares water quality of two storm 
events. The levels of NH3-N, N02-N, COD, TP-P and dissolved Fe are highly 
varied among the two storm events on the same parking lot. The levels of all the 
constituents for storm event on 02/12/2003 are higher as compared to the event 
on 04/14/2003. This may be due to shorter antecedent dry period for the event 
on 04/14/2003 and hence less deposition. In terms of water quality of urban
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runoff from a parking lot, the Ortho-P, TP-P, NH3-N, COD, dissolved Fe levels 
are higher as compared to the levels in storm channels during DWF.
Table 5-16: Rainfall characteristics of the monitored storm events in the parking 
lot
Date of 
occurrence 
of storm
Intensity
of
rainfall
(mm/hr)
Cumulative
rainkill
(mm)
Sensor
used
Time 
difference 
between the 
initiation of 
storm and 
collection of 
first sample 
(hr)
Antecedent 
dry days
02/12/2003 1-4 10.9 4484 at 1 6 6
04/14/2003 0 .8 -6 .1 7.8
Tropicana
Wash
- 27
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Figure 5-20: Comparison of two monitored rainfall events in a parking lot in 
terms of concentrations of (a) Ortho-P, (b) TP-P, (c) NH3-N, (d) NO3-N, (e) NO2- 
N, (f) COD, (g) TDS and (h) Dissolved Fe
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5.22 Reskfenf/a/̂ nsa
5.22 Y Event on 03/75/2003
Figure 5-21 and Figure 5-22 show the pollutograph, loadograph, hydrograph 
for various constituents during the 03/15/2003 event. The hydrograph is same for 
all the constituents. The pollutograph, for Ortho-P, NH3-N, NO2-N, COD, TSS and 
TDS, had a peak prior to the hydrograph peak. The peak of the pollutograph and 
hydrograph occurred approximately at the same time, for TP-P. The pollutograph 
for NO3-N had two peaks, one with and other after the occurrence of peak of the 
hydrograph. From the N03-N loadograph, it is clear that the rate of increase in 
pollutant loading is higher before the occurrence of the peak of hydrograph.
In terms of water quality of urban runoff from a residential area, the levels of 
TP-P were higher as compared to levels in parking lot. The concentration of 
NH3-N, N02-N and N03-N was below the regulatory and the toxicity limits. The 
COD is higher as compared to parking lot event on 04/14/2003. The levels of 
TSS were below the criteria for beneficial uses, for most of the storm. TDS levels 
were below the standard of 3000 mg/L during this storm event. The concentration 
of dissolved Fe for all the samples was always less than the detection limit of the 
AA. The concentration of Cu for all the samples was always less than the 
detection limit (0.077 mg/L) of AA. The detailed calculations used for plotting 
Figure 5-21 and Figure 5-22 are shown in Appendix D.
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Figure 5-21: Representation of hydrograph, pollutograph and loadograph for an 
event on 03/15/2003 in a residential area (a) Ortho-P, (b) TP-P, (c) NH3-N, (d) 
N03-N, (e) N02-N and (f) COD.
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Figure 5-22: Representation of hydrograph, pollutograph, loadograph for an 
event on 03/15/2003 in a residential area (a) TSS and (b) TDS.
Figure 5-23, represents the first flush curve, a plot between a normalized 
mass and a normalized volume, for different constituents. The constituents other 
than N02-N, N03-N, TSS and TDS are in line with the diagonal. The TDS and 
N02-N levels didn't satisfy the critena of first flush as they are below the diagonal 
line. For N03-N, approximately 65% of the load occurred in the first 60% of the 
runoff volume (Figure 5-23). The percentage of the pollutant load and the runoff 
volume are approximately similar and this may be because the njnoff sample 
was collected after the peak of hydrograph had occurred.
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Figure 5-23: First flush curve for constituents above or below the diagonal line
5 .2 .22  Event on 0 2 /f2/2003
During this storm event, the flow data was not collected and therekre only 
pollutograph is shown in Figure 5-24. The peak of pollutograph was before the 
occurrence of the peak of precipitation. Therefore, the first flush phenomenon 
may have occurred for this event. In terms of water quality, the levels of Ortho-P 
and TP-P were high as compared to levels in storm channels during DWF. The 
concentration of N02-N and N03-N was t)elow the regulatory (<10mg/L N02-N  
and 100mg/L N03-N) and the toxicity limits (<0.19 mg/L N02-N and 5mg/L N 03- 
N) throughout the storm. The levels of NH3-N were above the regulatory and 
toxicity limit at the beginning of the storm. COD in the t)eginning of the storm was 
ten times higher than the COD value at the end of the storm. The levels of TSS 
were higher than the criteria of < 135mg/L for beneficial uses for most part of the 
storm. TDS levels were always below the standard of 3000 mg/L for beneficial 
uses. The total Fe measured was above the chronic standard of 1 mg/L for
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approximately all the samples. The concentration of Cu for all the samples was 
always less than the detection limit (0.077 mg/L) of the AA. The detailed 
calculations used for plotting Figure 5-24 are shown in Appendix D.
—  Cumutstve precipitation (a]
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Time o f coiiection o f Garr^le
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(C)
Time of collection of sample Time of collection o f sample
I
06:00:00
Time of collection of sample
(e:
■°î
Figure 5-24: Representation of pollutograph for an event on 02/12/2003 in a 
residential area (a) Ortho-P and TP-P, (b) NH3-N, N03-N and N02-N, (c) COD 
and pH, (d) TSS and TDS and (e) total Fe
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5.2.2.3 Companion of Events /n Res/denW Area
Table 5-17 summarizes the rainfall characteristics of the storms sampled in a 
residential area. The antecedent dry days for the event on 02/12/2003 are higher 
than on 03/15/2003. Figure 5-25 is showing a significant difference between the 
concentrations of different constituents on these two storm events. The levels of 
NH3-N, N03-N, TSS and TP-P are highly varied. The levels of all the 
constituents for storm event on 02/12/2003 are higher for Ortho-P, TP-P, NH3-N, 
N03-N and TSS as compared to the event on 03/15/2003. This may be because 
of a shorter antecedent period for event on 03/15/2003 and hence smaller 
deposition. But, this is not valid for N02-N and TDS, as their concentrations are 
increasing for storm event on 03/15/2003. Moreover, the levels of Ortho-P, TP-P, 
NH3-N, pH and TSS are higher for storm event on 02/12/2003 as compared to 
levels in storm channels during DWF. The concentration of N02-N and N03-N  
was below the regulatory (<10mg/L N02-N and lOOmg/L N03-N) and the toxicity 
limits (<0.19 mg/L N02-N and 5mg/L N03-N) throughout the storm. The levels of 
NH3-N were above the regulatory and toxicity limit at the beginning of the storm. 
The levels of TSS were higher than the criteria of < 135mg/L for beneficial uses, 
for most part of the storm.
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Table 5-17: Rainfall characteristics of the monitored storm events in a residential
Time
difference
Date of 
occurrence 
of storm
Intensity
of
rainfall
(mm/hr)
Cumulative
Rain^ll
(mm)
Sensor used
between the 
initiation of 
storm and 
collection of 
first sample 
(hr)
Antecedent 
dry days
02/12/2003 0.8-3 1 0 .2 4744 at 3 73
03/15/2003 1 -2 2 southHenderson-I 0.75 1 0
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18:00:00 20:00:00 22:00:00
Time o f collection o f «ample
16:00:00 20:00:0018:00:00
Tim e o f collection o f sample
0 2 / 1 2 /2 0 0 3
Time o f co llec tion  o f sample
0 2 /1 2 /2 0 0 3
Time o f collection o f sample
0 3 / 15 /2 00 3
Time o f collection o f sample
18:00:00
Time o f collection o f sample
Time o f collection o f sample
T im e o f collection o f sample
Figure 5-25: Comparison of two monitored rainfall events in a residential area in 
terms of concentrations of (a) Ortho-P, (b) TP-P, (c) NH3-N, (d) NO3-N, (e) pH, (f) 
N02-N, (g) TSS and (h) TDS
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5.2.3 Compahson of Pa/fdng Lot and ResidenW  ̂ Anea 
Figure 5-26 presents a comparison of EMC values t)etween the different 
constituents from a parking lot and a residential area. The event mean 
concentration is defined as the ratio of event load for a specific contaminant and 
the event runoff. The mass for an event is determined by summing the loading 
during each sampling period. The EMC value is significant because it represents 
a flow weighted concentration of any constituent during a single storm event. The 
EMC values for NH3-N, N02-N and TDS are approximately equal for parking lots 
and residential areas. TP-P is higher for residential area and N03-N is higher for 
parking lot. The COD levels are very high in residential area and TSS is very high 
in parking lot.
Table 5-18 shows the intensity of rainfall, antecedent dry period and the 
concentrations of various constituents in the monitored rainfall events. The levels 
of TDS, N03-N, TP-P and total Fe are highest for the event on 02/12/2003 in 
residential area and this may be due to the highest antecedent dry period of 73 
days.
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Table 5-18: Summary of water quality of rainfall events monitored in this study
Date of 
Occurrence 
of Storm
Intensity
of
rainfall
(mm/hr)
Cumulative
rainfall
(mm)
Antecedent 
dry days
Average concentration (mg/L)
TSS N03-N NH3-N COD TP-P Ortho-P
Dissolved
Fe
Total
Fe
02/12/03-Pk 1-4 1CX9 6 6 129 0.9 1 .1 169 0.5 0 .2 0 .2 0 .8
04/14/03-Pk 0 .8 -6 .1 7.8 27 151 0 .8 0 .8 25 0.3 0 .2 0.3 1.4
02/12/03-Res 0.8-3 1 CX2 73 410 1.5 1 .0 87.0 0.9 0.3 0 .0 3.3
02/12/03-Pk 1 -2 2 1 0 73 0.7 0 .6 177.0 0.4 0.3 0 .0 ”
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1.0
0.8
O
^  0.4 - 
0.2 -
0.0
WWF-Res on 03/15/2003 
I 1 WWF-Pk on 04/14/2003
:_Il
Ortho-P
(a)
TP-P NH344 N 0 3 ^
Constituents
N02-N
250
200 -
150 -
Ü
lii 100 4
50 -
=  WWF-Res on 03/15/2003 
I I WWF-Pk on 04/14/2003
I
(b)
pH COD TSS
Constituents
TDS
Figure 5-26: Comparison of parking lot and residential area based on EMC 
values and (a) Ortho-P, TP-P, NH3-N, N03-N and N02-N, (b) pH, COD, TSS 
and TDS.
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5 .2 4  Znfe/p/efafyon of /esu/fs of LVW/F
# High total Fe, Ortho-P, TP-P, NH3-N and TSS levels and low N02-N  
and N03-N levels are found in parking lots and residential areas. The 
levels are higher than the levels in storm channels during DWF. The 
TSS levels were above the beneficial use standard of 135 mg/L.
# COD levels varied on both the events for parking lot and residential 
area; however COD in the residential area was high as compared to 
COD levels for the parking lot.
# The concentration for all the constituents was higher for a storm on 
02/12/2003 both for parking lot and residential area. This may be due 
to a longer antecedent dry period before this event.
5 .2 5  Compahson wAh Other And and Sen?/-And Reg/ons
Figure 5-27 represents the EMC value on the national basis and for different 
arid and semi arid regions. The EMC values for Las Vegas Valley are taken from 
this research for a residential area and a parking lot. The values for Las Vegas 
are less than other arid regions and national average. The higher levels of COD 
from a residential area and TSS from a parking lot, in Las Vegas Valley may be 
due to sparse number of rain^ll events and more time for pollutants to build up 
on the impervious surfaces. Moreover, the sparse vegetation cover does little for 
preventing soil erosion during a rainfall event. The NPDES values are taken from 
a CCRFCD report published in 2001 for Las Vegas Valley (CCRFCD, 2001). The 
EMC values for other arid regions are taken from the studies done by CCRFCD
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(2001), Smullen et al., (1998), Lopes et al., (1995), l^elstorm (1995), DRCOG 
(1983) and Brush et al., (1995).
ou
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i  o  Parking W In this research 
I 0  NPDES. las Vegas. NV (2001)
I n Phoenix, AZ 
i s Den«r,Colorado
OMhoflOOO TP'KX)
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COD
i
TSS
(a)
a
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1000
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a National
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B NPDES. Las Vegas. NV (2001) 
m Phoenix, AZ 
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OMho-P*1000 TP*100 COD
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Figure 5-27: EMC values for different arid and semi-arid regions (a) EMC values 
of Las Vegas from parking lot collected in this study (b) EMC values of I 
Vegas from a residential area collected in this study.
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CHAPTER 6
CONCLUSIONS
6.1 Dry Weather Flows (DWF)
The following significant conclusions can be made in terms of water quality 
and sources of DWF.
# Dry weather flows in storm channels are a significant source of Ortho- 
P, TP-P, N03-N, NH3-N, TSS and TDS. Cluster analysis grouped 
together stations with high levels of TDS and N03-N. These stations 
appear to be influenced by groundwater flows.
# The stations with higher TP-P and Ortho-P levels usually had lower 
levels of N03-N and TDS. This implies the sites can be differentiated 
on the basis of urban runoff flows they carry. Cluster analysis grouped 
the stations with high and low levels of TP-P separately. The results of 
cluster analysis appear to group together stations influenced by 
excessive irrigation flows.
# The stations with higher N02-N, NH3-N and COD levels mostly 
showed lower levels of N03-N. The presence of high levels of N02-N  
supports the fact that waters are polluted recently; otherwise NH3-N 
would have been completely nitrified through N02-N to N03-N.
112
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# The TP-P, COD, TSS, NH3-N and total Fe concentrations were 
elevated in both the car washing events as compared to the 
concentrations carried by stomri channels during DWF. This implies car 
washing is a considerable potential source of nutrients, organic 
material and metals.
6.2 Wet Weather Flows (WWF)
The major conclusions from the research on nonpoint pollution from a 
residential area and a parking lot during wet weather are as follows.
# The residential area and parking lot are high contributors of total Fe, 
Ortho-P, TP-P, NH3-N and TSS levels and low contributors of N02-N  
and N03-N. The levels of these constituents are higher than the levels 
in stonn channels during DWF.
# The concentration for all the constituents was higher for a storm on 
02/12/2003 both for a parking lot and a residential area. This is due to 
a longer antecedent dry period before this event than A)r the 3/15/03 or 
4/14/03 events.
6.3 Further Research Recommendations 
The future research recommendations are as follows:
# Various residential units and parking lots of different sizes can be 
selected in a watershed to add to the data collected in this study.
# Different land uses can be selected to develop a correlation between 
the concentrations of constituent originating from them.
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Additional water quality monitoring can be performed for different 
antecedent dry periods. This would assist in establishing a relationship 
between antecedent dry period and pollutant loads. This can t)e done 
for watersheds of various sizes.
The results of the car washing can be extrapolated to the whole of the 
Las Vegas Valley and its results compared to other regions of the 
United States.
The contribution of different land uses, in each watershed, towards dry 
weather flows in storm channels can be evaluated. This will help in 
determining the exact sources of nuisance, groundwater, and 
excessive irrigation flows.
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1. Nitrite es Nitrogen (NO2-N)
The catalog #  21071-69 of the HACH kit was used to determine the 
concentration of nitrite.
Apparatus and Reagenfs 
DR-890 Calorimeter, 25mL HACH vials, and NitraVer 3 Nitrite Reagent 
Powder Pillows. The terms PRGM, TIMER, ENTER, ZERO, and READ used in 
the following sections represent the buttons on the DR-890 calorimeter (Figure 
4-2).
Procedure
1. Enter the stored program number for nitrite nitrogen. Press: PRGM
2. Press: 60 and then press Enter button. The display will show mg/L, 
NO2-N and the zero icon.
3. Fill sample cell with at least 10mL of sample.
4. Fill another sample cell (duplicate) with 10mL of the sample.
5. Add the contents of one NitriVer 3 Nitrite Reagent Powder Pillow to 
each sample cell. Cap the cell and shake to dissolve. Accuracy is not 
affected by undissolved powder.
6. Press: TIMER and then ENTER. A fifteen minute reaction period will 
begin. A pink color will develop if nitrite is present.
7. When the timer beeps, fill an empty sample cell with 10 mL of sample 
(the blank).
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8 . Wipe the outside of the sample cell with a towel to remove fingerprints 
and other marks. Place the blank into the cell holder. Tightly cover the 
sample cell with the instrument cap.
9. Press: ZERO. The cursor will move to the right, and then the display 
will show zero mg/L NO2-N.
10. Place the prepared sample and then the duplicate into the cell holder. 
Tightly cover the sample cell with the instrument cap.
11. Press: READ button. The cursor will move to the right, and then the 
result in mg/L NOg-N (or an alternate form) will be displayed.
2. Nitrate as Nitrogen (NOg-N)
Appa/afus and Reagenfs 
DR-890 Calorimeter, 25mL HACH vials and NitraVer 5 Nitrate Reagent 
Powder Pillows from HACH kit #  21061-69.
Procedure
1. Enter the stored program number for nitrate nitrogen. Press: PRGM.
2. Press: 54 and then press Enter button. The display will show mg/L, 
NO3-N and the zero icon.
3. Fill sample cell with at least 10mL of sample.
4. Fill another sample cell (duplicate) with 10mL of the sample.
5. Add the contents of one NitriVer 5 Nitrate Reagent Powder Pillow to 
each sample cell. Cap the cell and shake to dissolve.
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6 . Press: TIMER ENTER. A one-minute reaction period will begin. Shake 
the sample until the timer beeps.
7. After the timer beeps, the display will show 5:00 TIMER 2. Press: 
ENTER. A five-minute reaction period will begin.
8 . When the timer beeps, fill an empty sample cell with lOmL of sample 
(the blank).
9. Wipe the outside of the sample cell with a towel to remove fingerprints 
and other marks. Place the blank into the cell holder. Tightly cover the 
sample cell with the instrument cap.
10. Press: ZERO button. The cursor will move to the right, and then the 
display will show zero mg/L NO3-N.
11. Place the prepared sample and then the duplicate into the cell holder. 
Tightly cover the sample cell with the instrument cap.
12. Press: READ button. The cursor will move to the right, then the result 
in mg/L NO3-N (or an alternate form) will be displayed.
3. Ammonia as Nitrogen (NH3-N)
Apparatus artd Reagerrts 
DR-890 Calorimeter, 25mL HACH vials. Ammonia Salicylate Reagent Powder 
Pillows and Ammonia Cyanurate Reagent Powder Pillows in HACH kit #26680- 
00 and 5N NaOH standard solution for neutralization.
Procédure
1. Enter the stored program number for Ammonia Nitrogen.
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2. Press: 64 ENTER. The display will show mg/L, NH3-N and the zero
icon.
3. Fill a sample cell with 10mL of deionized water (the blank).
4. Fill a second sample cell with lOmL of the sample.
5. Fill a third sample cell (duplicate) with lOmL of the sample.
6 . Add the contents of one Ammonia Salicylate Reagent Powder Pillow to 
each sample cell. Cap the cells and shake to dissolve.
7. Press: TIMER ENTER A three- minute reaction period will begin.
8 . After the timer beeps add the contents of Ammonia Cyanurate 
Reagent Powder Pillow to each sample cell and shake to dissolve the 
reagent.
9. A Green color will develop if ammonia nitrogen is present.
10. The display will show: 15:00 TIMER 2; Press: ENTER. A fifteen-minute 
reaction period will begin.
11. After the timer beeps, place the blank into the cell holder. Tightly cover 
the sample cell with the instrument cap.
12. Press: ZERO. The cursor will move to the right, and then the display 
will show zero mg/L NH3-N.
13. Place the prepared into the cell holder. Tightly cover the sample cell 
with the instrument cap.
14. Press: READ. The cursor will move to the right, and then the result in 
mg/L NH3-N will be displayed.
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4. pH 
Pmcedurs
1. Calibrate the pH Electrode using buffer solutions of pH 4.01, 7.00 and 
10.01 .
2. Now, put pH electrode in the sample and press "auto read' .The pH 
meter will beep when a stable endpoint is reached. Clean the glass 
electrode, immerse in the fresh sample and read the pH.
5. Total Suspended Solids (TSS) and Total Dissolved Solids (TDS)
Apparatus
Analytical Balance, drying oven, desiccator, magnetic stirrer with magnetic stir 
retrieving rod, Whatman glass fibre filters of 1.2 pm, aluminum weighing dishes, 
vacuum pump, and filtration apparatus.
Procedure A)r Measurfrrg TSS 
The steps to measure TSS in laboratory are given below:
1. Label the aluminum dishes.
2. Weigh each aluminum dish with the filter in it.
3. Place the filter in the filtration apparatus
4. Stir sample with a magnetic stirrer at a speed to sheer larger particles, 
if practical, to obtain more uniform particle size.
5. Pour the designated volume of well-mixed sample through filter.
6 . Perform suction using the vacuum pump till the filtration is complete.
7. Remove the filter with forceps and place in the aluminum dish.
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8 . Dry for one hour at 103°C to 105°C in the drying oven.
9. Cool in desiccator.
10. Reweigh the aluminum dishes.
Procedure A)r Measurfrrg TDS
1 . Take the filtrate in the suspended solids determination and transfer it to 
25mL weighed aluminum dish. Evaporate to dryness in an oven at 
103°C.Cool in a desiccator and reweigh.
2. The residue in the dish is measured as TDS in the sample.
Ca/cu/aAdr?s for TDS arid TSS
mg total dissolved solids/L = "  B)X100(T
^SampleVolume, mL 
mg total suspended solids = "^ “ °>’^^°% m pleVolum e,m L
6 . Chemical Oxygen Demand (COD)
Apparatus
Milton Roy Spectronic 20 Spectrometer, HACH COD reactor, HACH COD 
Low Range vials (0-150mg/L), HACH COD High Range vials (0- 
1500mg/L).
Samp/e Preparaffon 
The samples are required to be digested before they are ready for being 
measured for COD. The steps of digestion are as follows:
1. Preheat the COD reactor to 150°C.
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2. Mix the samples for approximately 2 minutes using the magnetic 
stirrer.
3. Pipette 2.00mL of the completely sample into the vial by holding it at 
an angle of 45 degree.
4. Properly tighten the vial cap, to avoid vapor loss and accidental spills. 
Swirl the vial, using a circular wrist motion, until the contents are 
mixed.
5. Prepare a reagent blank by repeating the step 3 and 4, substituting 
2.00mL of Dl water in place of the sample.
6. Place each vial in the preheated COD reactor. Use safety shield in 
front of the COD reactor.
7. Heat the vials for two hours at 150°C in the reactor.
8. Remove and place the vials in a cooling rack. Allow cooling to the 
touch.
9. Measure the COD using Spectronic 20 spectrometer.
Procedure Low COO Range of 0 - f  50 mg/L
1. Turn on the spectrophotometer to allow it to warm up (about 15 min) 
and set the wavelength to 420 nm.
2. Cover the sample compartment of Spectronic 20 spectrophotometer 
and adjust the Zero control for a reading of zero% Transmittance (%T).
3. Wipe the vial containing the blank. Insert the reagent blank until the 
reagent vial rests against the bottom of the instrument. Adjust the full- 
scale control for meter reading of exactly 35%T.
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4. Remove the reagent blank. Wipe the vial containing the treated sample 
and insert the vial into the sample compartment, cover the 
compartment and read the %T.
5. Refer to the Table 1 for low range calibration to detennine the mg/L 
COD. The values from the table can be read against the %T of the 
sample.
Table 1: Concentration in mg/L of COD (low range) vs transmittance (% T).
%T %TUnHs
Tens 0 1 2 3 4 5 6 7 8 9
10
20
30 0.0 3.7 7.5 11.3 15.0
40 18.7 22.2 25.6 28.9 32.1 35.3 38.4 41.4 44.4 47.3
50 50.2 53.0 55.8 58.5 61.2 53.8 66.3 68.8 71.3 73.8
60 76.2 76.6 80.9 83.2 85.5 87.7 89.9 92.1 94.2 96.3
70 98.4 100.4 102.4 104.3 106.2 108.2 110.1 112.0 113.9 115.8
80 117.6 119.4 121.1 122.8 124.5 126.2 127.9 127.9 131.2 132.8
90 134.5 136.1 137.7 139.3 140.9 142.5 144.1 144.1 147.0 148.6
Procedure Air H/g/? COD Range of 0-Y500 mg/1
1. Turn on the spectrophotometer to allow it to warm up (about 15 min) 
and set the wavelength to 620nm.
2. With the sample compartment of the Spectronic 20 empty, cover the 
sample compartment and adjust the Zero control for a reading of 
zero% Transmittance (%T).
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3. Wipe the vial containing the blank with wet towel and follow with a dry 
wipe. Inset the reagent blank until the reagent vial rests against the 
bottom of the instrument. Adjust the full-scale control for meter reading 
of exactly 100%T.
4. Remove the reagent blank. Wipe the vial containing the treated sample 
with a wet towel and follow with a dry wipe. Insert the vial into the 
sample compartment, cover the compartment and read the %T.
5. Refer to the Table 2 to detennine the mg/L of high range COD.
Table 2: Concentration in mg/L of COD (high range) vs transmittance (%T).
%T %T Units
Tens 0 1 2 3 4 5 6 7 8 9
10
20 1515 1468 1425 1385 1345 1308 1272 1238
30 1203 1170 1138 1107 1077 1048 1020 992 965 940
40 915 890 867 844 821 798 776 754 733 713
50 693 674 655 637 618 599 581 563 545 528
60 512 496 479 463 447 432 417 402 388 374
70 359 345 331 317 303 290 277 264 252 239
80 226 213 201 188 177 165 153 414 130 119
90 108 97 85 74 63 53 42 31 21 10
7. Ortho-P
The ascorbic acid method, from Standard Methods for the Examination of 
Water and Wastewater (APHA, 1998), is used to determine the concentration of 
Ortho-P in the water samples.
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Apparatus /or Odho-P
0.45 pm glass fiber filters, Milton-Roy Spectronic 20 Spectrometer with 
infrared phototube for use at 880nm, three glass stoppered bottles, 
and %" test tubes.
Reagents Air Ortt?o-P
5N H2SO4 , 0.1 M Ammonium molybdate, 0.1 M Ascorbic acid, 0.0084 M 
potassium antimonyl tartrate, 5mg/L PO4 standard solution and six more 
standards out of it to make calibration curve.
Samp/e Prepa/afidn Air Ortho-P
The samples were treated with a combined reagent tiefore measuring the 
absorbance in the spectrometer. The steps were as follows:
1. Filter the samples using 0.45 pm glass fiber filters before measuring 
Ortho-P using ascorbic acid method.
2. Prepare the "mixed reagent" by following the steps listed below. Mix 
the reagents in the order given below:
o Add 50mL of 5 N sulfuric acid and mix thoroughly by swirling the 
flask.
o Add 5mL of the potassium antimonyl tartrate solution and mix 
again by swirling the flask, 
o Add 15mL of the ammonium molybdate solution to a 10OmL 
volumetric flask.
3. Allow the mixture to cool to the touch.
4. Add 30mL of the ascorbic acid solution.
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5. Prepare the phosphate standards and a method blank.
6 . Pipette 25mL of samples into each clean, dry %" test tube.
7. Add 0.05mL (1 drop) of phenolphthalein indicator. If red/pink color 
develops add 5N H2SO4 solution drop wise to just discharge the color.
8 . Add 4.0mL of the mixed reagent (with a pipette) in standards, blanks 
and samples and then mix thoroughly.
Procedure /or Odho-P
1. Turn on the spectrophotometer to allow it to warm up (about 15 min) 
and set the wavelength to 880 nm.
2. After the spectrophotometer is warmed up, "zero" it.
3. After at least 10 minutes but tiefore 30 minutes, clean the cell with a 
Kim-wipe, and place the cell into the spectrophotometer.
4. Record the absorbance. Construct a calibration curve (by plotting 
absorbance vs. phosphate concentration) to determine whether 
standards and blanks were adequately prepared.
5. Measure the absorbance of all the samples too.
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4  i W i
'  3 '
Figure 1 : Autoclave used to digest the samples
8. TP-P
Apparatus Air TP-P
Milton Roy Spectronic 20 Spectrometer with infrared phototube for use at 
880nm, 25 ml %" test tubes, Autoclave (Figure 1 ) and Erlenmeyer flasks. 
Reagents Air TP-P
Phenolphthalein indicator aqueous solution,30% Sulfuric acid solution 
(H2SO4), Potassium persulphate KgSgOa, Sodium hydroxide (NaOH) (50%
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w/w),5mg/L PO4 standard solution and six more standards out of it to make 
calibration curve.
Samp/e P/aparaAon Air TP-P
The following steps were employed to prepare the sample for measuring TP-
P:
1. Use 50mL of thoroughly mixed sample into a clean 250mL Erlenmeyer 
flask.
2. Add O.OSmL (1 drop) phenolphthalein indicator solution.
3. Add Im L of 30% H2S04 and 0.5g solid K2S208.
4. Autoclave at 250 OF, for 30 min. The whole heating process will take 
approximately 1 hour.
5. Let the samples cool to room temperature.
6. Neutralize: Add O.OSmL (1 drop) phenolphthalein indicator solution, 
and neutralize to a ^int pink color with (NaOH).
7. Add drop by drop of 30% H2S04, till color changes to colorless. 
Procedure
1. Use 25mL of above prepared sample into a clean %" test tube.
2. Add 4mL of combined reagent (prepared in Ascorbic acid method) in 
the sample.
3. Repeat the procedure described above, for Ortho-P (See 4.2.6.1.4).
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9. Total Fe and Cu
Apparatus
Hot plate, Erlenmeyer flasks, volumetric flasks, and nitric acid 
Procédure Air O/gesf/on
1. Transfer lOOmL of well mixed, acid preserved sample to the 
Erlenmeyer flask.
2. Add 5mL conc. HNO3 . Glass beads are added to aid boiling.
3. Bring to a slow boil and evaporate on a hot plate to the lowest volume 
possible (about 10 to 20mL) before precipitation occurs.
4. Continue heating and adding conc. HN03 as necessary until digestion 
is complete as shown by a light-colored, dear solution.
5. Wash down Erlenmeyer flask walls and transfer the sample to lOOmL 
volumetric flask and dilute to mark.
6. Take portions of this solution for required metal determinations. 
Procedure Air Afeasurmg Tbfa/ and 0/sso/ved Pe and Cu
Tum/ng (he AA on and measurfng (he samp/es;
1. Turn on the fan.
2 Turn on the Atomic Absorption (AA) Spectrometer.
3. Recall the method. For example no. (1) for Fe and (3) for Cu.
4. Put the needle in Dl water
5. Turn on the acetylene gas.
6. Turn on the air.
7. Press [Flame on]
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8. Press [Data]
9. Press [A/Z] i.e. auto zero.
10. Put the needle in the standard solution(s) and press [Calibrate]. 
Maximum eight standard solutions can tie used to create a calibration 
curve.
Put the needle into the sample and press [Read]. If there are plenty of
samples then check the authenticity of the measured readings by reading
the standard in-tietween the samples 
Tum/ng (he AA oh!
1. Aspirate the blank at least one minute.
2. Pick up the needle and leave it at least one minute out of the blank
3. Turnoff the flame
4. Turnoff the gas and the air.
5. Press [gas on/off] and twice (wait 10 seconds between the first and the 
second).
6. Turn off the AA100 and the printer.
7. Wait until the machine is cold and cover it with the plastic to protect 
against dust.
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
PARAMETER: Dissolved Copper (Cu)
Sample Collection Date
Sample Testing Date
Filtration Date
sta tion  Nam* Of 
Sample 
MentHicaUon 
name
DlluUo
n Ratio
O flylnal
Cu,
Dissolved
(mg/L)
Dupllcal*
Cu.
Dissolved
(mg/L)
Average
Cu,
Dissolved
(mg/L)
Final conc. 
(Avg. conc. X 
D ilution 
factor)
Cu,
Dissolved
(mg/L)
Remarks
Standard
Notes:
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
PARAMETER: Dissolved Iron (Fe)
Sample Collection Date
Sample Testing Date
Filtration Date
S W kxi Name or 
Sample 
IdenUfcatlon 
name
Dilutio 
n Ratio
Ohglnal
Fe.
Olaaolved
(mg/L)
Duplicate
Fe,
DIsaolved
(mg/L)
Average 
Fe, DIaeolved 
(mg/L)
Final conc. 
(Avg. conc. X 
D ilution 
(actor)
Fe, DIeeolved 
(mgA.)
Remark»
Standard
Notes:
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
Param eter Dissolved Metals
Sample Testing, Date &Time
station Name 
or Sample
Identification
Numtrer
Fe
(mg/L)
Cu
(mg/L)
Station Name or 
Sample 
MentlMcatlon 
Number
Fe
(mg/L)
Cu
(mg&)
Standard Standard
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
135
WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
Parameter: High Range GOD
Sample Collection Date
Sample Testing Date
Sample
Location
Dilution
Ratio
TranamNt, 
Mgh Ran*
mce (%T) 
le O  MOnm
COD
(mg/L)
High Range @ 
620nm
Remarks
Original DupNcat
e
Average
TRIAL -1
1
Notes:
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
Parameter: Low Range COD
Sample Collection Date
Sample Testing Date
Sample
Location
DWuUon
RaUo
TmnmmlMmnce (%T)
Low Range @ 420nm
COD
(mg/L)
Low Range® 
420nm
Remarks
Original Duplicate Average
TRIAL - 1
Notes:
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DWF/CaiWash/WWF
PARAMETER: Metal-Copper(Cu)
Sample Collection Date
Sample Preservation Date
Sample Testing Date
station Name or 
Sample
Identification
Number
D ilutio 
n Ratio
Original 
Cu, Total 
(mg/L)
Duplicat
eCu,
Total
(mg/L)
Average
Cu,
Total
(mg/L)
Final conc. 
o f Cu, Total 
(Avg. conc. 
X D ilution 
factor) 
(mg/L)
Remarks
Trial -1
standard
Expected Conc. of std. 
solution:
Notes:
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
PARAMETER: Metal-Iron (Fe)
Sample Collection Date
Sample Preservation Date
Sample Testing Date
station Name or 
Sample 
WentHkatlon 
Numlrer
D ilution
Ratio
Original
Fe.
Total
(mg/L)
DupNcat
eFe,
Total
(mg/W
Average 
Fe, Total 
(mg/L)
Final conc. 
o f Fe. Total 
(Avg. conc. 
X D ilution 
factor) 
(mg/L)
Remark:
Trial -1
standard
Expected Conc. of std. 
solution;
Notes:
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WATER QUALITY LAB TEST RESULT 
FOR
DWF/CarWash/WWF
PARAMETER: NH3 -N
Sample Collection Date
Sample Preservation, Date & 
Time
Sample Testing, Date & Time
station Name or
Sample
Identification
Number
D ilutio
nRatk)
Original
(mg/L)
NH34H
Duplicat
e
(mg/L)
N H 3^
Average
(mg/L)
N H 3^
Final conc. 
(Avg. conc.X  
D ilution factor) 
(m ga.)N H 3^
Remark:
Trial -1
standard
Expected Conc. of 
std. solution:
DW01 -Flam/Tr -
DW02-GV -
DW03-Pitt -
DW04-Duck -
DW05-Raw -
DW07-Range -
DWOB-Chey
DW09-LVCreek
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WATER QUALmr LAB TEST RESULT 
FOR 
DWF/CarWash/WWF 
PARAMETER: Nitrate (NO3-N)
Sample Collection Date
Sample Testing, Date & Time
Sample Preservation, Date -
station Name or 
Sample 
MentHi cation 
Number
Dilution
Ratio
O ri^na i
(mg/L)
NOrN
Duplicate
(mg/L)
NOrN
Average
(mg/L)
NOrN
Final conc. 
(Avg. conc. X 
D ilution factor) 
(moA.) NOHt
Remark.
Trial -1
standard
Expected 
Conc. of 
std.
solution:
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WATER QUALITY LAB TEST RESULT 
FOR 
DWF/CarWash/WWF 
PARAMETER: Nitrite (NOrN)
Sample Collection Date
Sample Testing, Date & Time
sta tion Nam* or 
Sample 
MentMl cation 
Number
OHuUo 
n Ratio
Original
(mg/L)
NOyN
Duplicate
(mg/L)
NOrN
Average
(mg/L)
NOrN
Final conc. 
(Avg. conc. X 
D ilution factor) 
(mgt)NOrN
Remarks
Trial -1
standard
Expected 
Conc. of 
std.
solution:
DW01-Flam/Tr-
DW02-GV -
DW03-Pitt -
DW04-Duck -
DW05-Raw -
DW07-Range -
DW08-Chey
DW09-LVCreek
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WATER QUALITY LAB TEST RESULT
FOR
DWF/CafWash/WWF
PARAMETER: Ortho-P
Sample Collection Date
Filtration Date
Sample Testing, Date & Time
Concentration of stock solution= 5mg/L P0 4 ^
Conc. O f standard 
solution (mg/L)
Volume 
o f Stock
solution
required
Volume o f Dl
required
A b so ita n ce g
SSOnm
Remartrs
0.10 500 20mL +4500iil
0.25 1250 20mL +3750fil
0.50 2500 20mL + 2500pl
1.00 5000 20m L +
2.00 10000 15mL
Blank
25mL
Conc. of Std. 
solution(mg/ 
L) P O /
Absorbance
@880nm
Dilutio 
n ratio
Conc. of the 
samples(mg/
L) ,
P O /
Conc. of the 
sampies(mg/
L) ,
PO4  -P
Origina
1
Duplicat
e
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WATER QUALITY LAB TEST RESULT
FOR
DWF/CarWash/WWF
Parameter: pH
Station
N a m e  or sample
MenUficatlon
Num be
Time of
Collectio
n
(TOC)
Lab pH 
25=C
Notes/Observations/Assumptions:
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WATER QUALITY LAB TEST RESULT
FOR
DWF/CaiWash/WWF
Parameter: SOLIDS
CD
8
Sample Collection Date
Sample Testing Date
Method Employed
Final Results:
3.
3"
CD
CD■D
OQ.
C
a
o3
"O
o
CDQ.
■D
CD
C /)
C /)
Station 
Name or
Sample
WendMcaHon
Number
Solids
RemarksOriginal Duplicate Average
TSS
(9)
TDS
(9)
TSS
(9)
TDS 
(9) _
TSS
(9)
TDS
(9)
CD
■ D
O
Q .
C
8
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WATER QUALITY LAB TEST RESULT
FOR
DWF/CaiWash/WWF
Parameter: SOLIDS
8
( O '
3.
3"
CD
CD■D
OQ.C
ao
3
■D
O
CDQ.
■D
CD
C /)
C /)
station Name 
Of Sample 
IdentHlcatlon 
Number
Pan ID Initial
diah
weight
(9)
Dish wt.+ 
filter (after 
drying In 
dessicator
)
(9)
Sample 
volume 
taken from 
filter holder 
(mL)
Sampk 
volume 
through filter 
(mL)
Dish wt. + 
Filter 
(after 
drying In 
oven at 
103°C fbr 1 
hr)
(9)
Dish wt. + 
Residue 
(after 
drying In 
oven at 
103"C for 24 
hrs.)
(9)
TSS (mg/L) TDS (mg/L)
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WATER QUALITY LAB TEST RESULT
FOR
DWF/CafWash/WWF
PARAMETER: TP-P
Sample Collection Date 03/25/2003
Sample Testing, Date
Concentration of stock solution= 5mg/L P O /
Conc. O f «fandard
solution (mg/L)
Volume 
o f Stock 
solution
required
(ml)
Volume
o fM
required
Abeorbance
gSSOnm
Remarks
0.10 1.0 49
0.25 2.5 47.5
0.50 5.0 45.0
1.00 10.0 40.0
2.00 20.0 30.0
Blank
Gone, of std.
solution(mg/L)
P O /
Absorbance
@880nm
Avg.
Abe.
Dilution
ratio
Conc. of the 
samples(mg/ 
L) ^
Conc. of the 
sanmles(mg/L)
p o r-pOrigin
al
Duplic
ate
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TABLE 1 : Flow volume calculations from station number DW11-PP0
Date of Collection Station & Sample Time of Collection ?i Width of flow Velocity of flow Depth of flow X-t14ym )] ?"3co#'x sin? # -  A n?fMO). (#m?/S.284n
of sample Identification # of sample (sec) m v(fWa) yW (degree#) degtee#
*27/2002 DW11-PP0-1 7:45:00 AM 0.92 1.04 0.08 0.95 35.51 0.58 0.06
DW11-PP0-2 9:00:00 AM 4500 0.92 1.18 0.25 0.88 62.01 0.88 0.31
DW11-PPO-3 9:45:00 AM 2700 0.92 097 0.13 0.93 43.57 0.69 o i l
10/40002 D W II-PPO I 8:30:00 AM 0.92 0.80 0.02 0.99 15.70 0.27 001
DW11-PP0-2 9:05:00 AM 2100 0.92 0.80 0.05 097 27.24 0.46 0.03
DW11-PPO-3 9:40:00 AM 2100 0.92 0.53 0.03 0.98 22 22 0.38 001
10/11/2002 DW11-PPO-1 8:30:00 AM 1.10 0.85 013 0.93 43.57 0.69 O il
DW11fPO-2 9:05:00 AM 2100 1.10 1.29 017 0.90 50.42 0.77 0U7
DW11-PP0-3 9:40:00 AM 2100 1.10 1.28 0.13 0.93 43.57 0.69 0.11
10/21/2002 DW11-PPO-1 8:30:00 AM 0.08 1.78 0.20 089 55.32 0.82 0.22
DW11-PP0-2 9:05:00 AM 2100 0.08 1.88 015 0.91 47.79 0.74 014
DW11-PPO-3 9:40:00 AM 2100 0.08 2.30 0.15 091 47.79 074 CU4
10000002 DW11-PP0-1 8:45:00 AM 0.07 1.23 0.10 0.94 38.93 0.63 0.08
DW11-PP0-2 9:05:00 AM 1200 0.07 0.75 0.10 0.94 38.93 0.63 0.08
0W11-PPCF3 9:40:00 AM 2100 0.07 1.43 0.10 0.94 38.93 0.63 0.08
11/1/2002 DW11-PP0-1 8:45:00 AM 1.10 1.14 010 0.94 38.93 0.63 0.08
OW11-PPO-2 9:05:00 AM 1200 0.80 0.80 0.05 0.97 27.48 0.46 0.03
DW11-PP0-3 9:40:00 AM 2100 1.10 216 010 0.94 38.93 0.63 0.06
11/11/2002 DW11-PPO-1
OW11-PPO-2
DW 11fPO-3
8:45:00 AM
9:05:00 AM 
9:40:00 AM
1200
2100
11/10/2002 DW11-PPO-1 8:45:00 AM 2.00 0.30 0.15 091 47.79 0.74 014
DW11-PP0-2 9:05:00 AM 1200 2.10 0.30 0.15 091 47.79 0.74 0U4
DW11-PP0-3 9:40:00 AM 2100 2.70 0.40 0.15 091 47.79 0.74 014
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Table 1: Flow volume calculations from station number DW 11-PP0 (Contd )
OeWofCohcUix, Station & Sample Time o f Collection ?t W idth o f flow V elocity o f flow Depth o f flow X -  [1-2(y/D)l ?=2 cos ’ X sin? a = A [(? /360) - (s in?  /6.284)J
o f sample Iden tifica tion# o f sample (sec) (ft) v (ft/s ) y (ft) (degrees) degrees (ft')
11/22/2002 DW 11-PPO-1 8:45:00 AM 1,20 0.58 0.08 0.95 34.78 0.57 0.06
DW 11-PPO-2 9:05:00 AM 1200 1.20 0.52 0.08 0.95 34.78 057 0.06
DW 11-PPO-3 9:40:00 AM 2100 1.20 0.56 0.10 0.94 38.93 0.63 0.08
3/4/2003 DW 11-PPO-1 8:30:00 AM 1.75 0.12 0.18 0.90 51.68 0.78 0.18
DW 11-PPO-2 9:05:00 AM 2100 1.90 0.10 0.18 0.90 51.68 0.78 018
DW 11-PPO-3 9:40:00 AM 2100 1.90 0.09 0.18 0.90 51,68 0.78 0U8
3/11/2003 DW 11-PPO-1 8:30:00 AM 3.10 0.36 025 0.86 62.01 0.88 0.31
DW 11-PPO-2 9:05:00 AM 2100 2.80 0.28 0,15 0.91 47.79 0.74 0.14
DW 11-PPO-3 9:40:00 AM 2100 2.60 0.22 0.20 0.89 55.32 0.82 0.22
3/18/2003 DW11-PPO-1 8:30:00 AM 0.67 0.56 0.08 0.95 35.51 0.58 0.06
DW 11-PPO-2 9:05:00 AM 2100 0.67 0.57 0.07 0.96 31.73 0.53 0.04
D W 11-P P 0-3 9:40:00 AM 2100 0.67 0.59 0.08 0.95 35.51 0.58 0.06
3/25/2003 DW 11-PPO-1 8:30:00 AM 0.46 3.51 0.08 0.95 35.51 0.58 0.06
DW 11-PPO-2 9:05:00 AM 2100 0.56 2.84 0.10 0.94 39.74 0.64 0.08
DW 11-PPO-3 9:40:00 AM 2100 0.67 3.81 0.17 0.90 50.42 0.77 017
4/40003 DW 11-PPO-1 8:30:00 AM 0.50 1.73 0.17 0.90 50.42 0.77 0.17
DW11-PPO-2 9:05:00 AM 2100 042 2.41 0.13 0.93 43.57 0.69 0.11
D W 11-P P 0-3 9:40:00 AM 2100 0.42 2.41 0.13 0.93 43.57 0.69 0.11
4/17/2003 DW 11-PPO-1 8:30:00 AM 0.42 3.35 0.06 0.96 30.72 0.51 0.04
DW 11-PPO-2 9:05:00 AM 2100 0.42 3.53 0.17 0.90 50.42 0.77 0.17
DW 11-PPO-3 9:40:00 AM 2100 0.42 3.61 0.15 0.91 47,79 074 0.14
4/220003 DW 11-PPO-1 8:45:00 AM 0.38 2.08 0.04 0.98 25.06 0.42 0.02
D W 11-P P 0-2 9:05:00 AM 2100 0.38 2.08 0.04 096 25.06 0.42 0.02
DW11-PPO-3 9:40:00 AM 2100 0.42 2.63 0.06 0.96 30.72 0.51 0.04 (O
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Table 2: Calculation of flow volume for DWF at each sampling site
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Date of Station & Sample Width of flow (B) Velocity of flow Depth of flow (A ). (By) Flow = av Flow = av Volume NO, NO, NH, Ortho-P
Collection Identification # (ft) v(ft/s) y (ft) (ff) ( if/ ,) (U .) (L/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr)
DWOI-Flam 12.00 0.79 0.08 1.00 0.79 22.39 706007526 63.54 847.21 155.32 106.73
DW02-GV
0.00 0.00 0.00 0.00
DW03-Pitt 11.00 2.03 0.17 1.83 3.72 105.46 3325692187 5654 28933.52 1263.76 59.86
DW04-Duck 20.00 040 0.00 0.00 0.00
DW05-Raw 1.08 0.24 0.25 0.27 0.07 1.86 58652066 211 23.46 5.87 3.87
DW07-Range 6.00 0.64 0.08 0.50 0.32 9.02 284527281 910 882.03 0.00 114
DWOS-Chey 1.00 1.19 0.08 0.08 0.10 2.80 88250941 10.59 0.00 46.77 23.83
9/27/2002 DW09-LVcreek
DW11-PP0
DW12-Lamb-Flam
DW13-GC-Flam
DW14-Canaba
DW15-BH-Duck
DW16-Broadbent
DW17-CheyenneE
6.00 1.46 0.10 0.63 0.91 25.81 813788073
158000000
216.47
3.00
0.00
15.80
427.24
3.83
161.13
32.39
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Table 2: Calculation of flow volume for DWF at each sampling site (Contd')
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Date of Station & Sample Width of flow (B) Veiocity of flow Depth of flow (A^(By) Flow = av Flow = av Volume NO, NO, NH, Ortho-P TP-P
Collection Identification # (ft) v(ft/#) y (ft) If f) ( f f f ) IU«) (Uyt) (kg/yr) (kg/yr) (kg/yr) (kg^r) (kg/yr)
DWOI-Flam 14.00 0.06 0.82 0.00 0 0 0 0
DW02-GV 1.90 0.08 0.14 0.00 0 0 0 0
DW03-Pitt 11.90 129 0.01 0.15 0.19 5.43 171374834 3.43 1473.82 0 3.54743 10.1927
DW04-Duck 7.30 1.62 0.07 0.49 0.79 22.33 704119862 0.00 4999.25 0 0 5.52778
10/10/20)2 DWG 5-Raw 0.04 1.05 0.02 0.00 0.00 0.02 588097 0.05 0.70332 0 0.03345 0.06512
DW07-Range 7.70 1.11 0.01 0.05 0.08 1.81 50888811 2.09 142.489 0 0 7.08547
DW08-Chey 5.30 0.12 0.00 0.02 0.00 0.08 2445804 0.11 3.42386 0 0.1376 2.19382
DW09-LVcreek 8.80 0.97 0.01 0.06 0.06 1.57 49668241 4.07 69.5355 0 3.19593 17.2866
DW11-PP0 129000000 3.23 59.062 15.738 23.807 36.376
DW12-Lamb-Flam 8.70 3.50 0.42 2.79 9.77 276.71 8726326560 228.88 51485.3 0 80.5938 430.203
DW13-GC-Flam 18.00 5.10 0.29 4.87 23.80 674.02 21255768576 595.18 131788 425.115 147.586 735.138
10/18/2002
DW14-Canaba 7.80 3.00 0.15 1.14 3.41 98.84 3047702112 134.10 16895.8 182.862 37.1605 170.634
DW15-BH-Duck 8.80 5.90 0.38 3.30 19.47 551.39 17388647654 330.38 144326 3129.96 212.019 770.026
DW16-Broadbent 2.42 4.43 1.25 3.02 13.38 378.99 11951718264 501.97 88442.7 0 467.775 605.2
DW17-CheyenneE 13.30 1.67 0.18 2.44 4.07 115.32 3636716130 152.74 12384.8 145.468 35.4338 154.965
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Table 2: Calculation of flow volume for DWF at each sampling site (Contd )
Date of Station & Sample Width of flow (B) Velocity of flow Depth of flow (A ). (By) Flow = av Flow = av Volume NO, NO, NH, Ortho-P T P f
Collection Identification # (ft) v(flf#) y (ft) (If) ( ff/,) ..  (u .) (Uyr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr)
DWOI-Flam 8.50 4.00 0.10 0,85 3.40 98.29 3036538368 358.31 7287.69 30.3664 482.211 737.146
DW02-GV 0.30 1.67 0.03 0,01 0.02 0.42 13396493 0.21 13.3965 0.26793 3.00741 3.81604
DW03-Pitt 11 90 2.37 0.15 1,79 4.23 119.81 3778212864 60.45 34003.9 0 228,338 173.102
DW04-Duck 6.00 1.14 0.70 4,20 4,79 135.80 4278160502 51.31 34209.3 1004.9 420.982 240,917
11/1/2002 DW05-Raw 0.50 0.68 0.20 0,10 0.07 1.93 60730767 7.53 72.8769 9.71892 3%M8 5.79538
DW07-Range 1.70 1.37 0.20 0,34 0,47 13.19 416005756 18.84 1331.22 12.4802 23.1995 48.4542
DW08-Chey 0.00 0 0 0 0
DW09-LVcreek 6.00 2.05 0.10 0.60 1.23 34.83 1098512410 9998 4833.45 186.747 124.284 158,914
DW11-PP0 0.00 39500000 5.10 88.4535 4.288 5.688 9.164
DW12-Lamb-Flam 7.00 1.84 0.08 0,53 0.86 24.38 788958887 14^3 4813.75 11.5344 76.9948 69.6914
DW13-GC-Flam 35.00 0.21 1.30 45.50 9.56 270.60 8533585914 221.87 47788 170.871 823,995 751.781
11/15/2002
DW14-Canaba 1.18 0.30 0.15 0,18 0.05 1.50 47222637 1XM 273.891 0 477802 5.54825
DW15-BH-Duck 26.30 2.10 0.70 18.41 38.66 1094.88 34528120543 759.82 283131 345.281 3106.06 5848.83
DW16-Broadbent 20.40 1.40 0.60 12.24 17.14 485.29 15304153375 275.47 113251 612.166 ia » 3 7 2480.65
DW17-CheyenneE 5.85 1.01 0.15 1.03 1.04 29.39 928836354 34.29 2409.77 0 63.8717 149.291
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Table 2: Calculation of flow volume for DWF at each sampling site (Contd )
3
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Date of 
Collection
Station & Sample 
Identification #
Width of flow (B)
(ft)
Velocity of flow  
v(flf#)
Depth of flow
y (ft)
(A)" (By) 
(If)
Flow = av
( ff/,)
Flow = av 
(U ,)
Volume
(Uyr)
NO,
(ko/yr)
NO,
(klA/r)
NH,
(kg/yr)
Ortho-P
(kg/yr)
TP-P
(kg/yr)
DW01-Flam
DW02-GV
16.00 1.55 0.08 1.33 2.07 58.71 1851387184 668.49
0.00
1688.23
0
74.0547
0
203.85
0
314.732
0
DW03-Pitt 12.83 0.80 0.15 1.87 1.88 47.69 1503923773 21.05 7820.4 0 150.392 45.1177
DW04-Duck 5.00 0.30 0.58 292 0.88 24.78 781462080 25.01 3907.31 7.81462 93.7754 0
3/25/2003 DW05-Raw 3.00 0.14 0.54 1.83 0.23 8.62 208917088 1.87 62.6751 27.1592 18.7134 1ZRG
DW07-Range 4.00 1.53 0.06 0.23 0.38 10.14 319870844 1247 799.877 0 3 L « # 1 35.1858
DW08-Chey 3.50 0.39 0.00 0.01 0.01 0.16 5048205 0.01 1.00984 0 0.5553 1.91832
DW09-LVcreek
DW11-PPO
8.00 1.30 0.00 0.02 0.03 0.74 23272112
108000000
1.40
2.12
25.5993
181.048
0.93068
24C62
11KB1
21.836
1.88177
29.892
DW12-Lamb-Flam 12.40 2.30 0.40 4B8 11.41 323.07 10188479324 61.13 48904.7 0 811.309 397.351
DW13-GC-Flam 35.00 0.09 1.50 52.50 462 138.81 4308213611 43.08 18966.1 0 258493 133.555
3/4/2003
DW14-Ganaba 10.60 1.42 0.08 0.85 1.21 34.18 1077820294 17.25 3556.81 0 32.3348 20.4786
DW15-BH-Duck 12.30 0.90 0.30 3.89 3.32 94.05 2985983506 88.22 11270.7 800.816 148.299 3909.17
DW16-Broadbent 11.00 1.67 0.40 4.40 7.33 207.68 6549398480 196.48 22287.9 982.409 261.976 1571.88
DW17-CheyenneE 10.00 0.50 0.40 4.00 2.00 56.64 1788199040 62.52 4108^26 53.586 71.448 25.0088
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Table 2: Calculation of flow volume for DWF at each sampling site (contd )
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Date of 
Collection
Station & Sample 
Identification #
W MIhofnow(B)
(ft)
Velocity of flow 
v(fW»)
Depth of flow
y (ft)
(A ). (By)
(If)
Flow = av 
( If ; ,)
Flow s av 
(U .)
Volume
(Uyr)
NO,
(itgW
NO,
(kglyr)
NH,
(kg/yr)
Ortho-P
(kg/yr)
TP-P
(kg/yr)
DWOI-Flam 18.00 1.58 0.08 1.33 2.08 59,00 1880824000 55.82 3349.12 55.8187 539.581 781.482
DW02-GV 0.42 0.62 0.01 0.00 0.00 0.08 1908332 0.07 1.145 0.03817 0.78242 0.78333
DW03-Pitt 12.83 0.05 0.21 2.67 0.13 3.68 116016977 1.39 603.288 3.48051 i ie m 7 11.6017
DWG4-Duck 5.00 0.71 1.00 5.00 3.57 101.14 3189841143 102.07 18499.9 85.6892 318984 255.171
4/22/2003 DWG 5-Raw 0.83 0.09 0.17 0.14 0.01 0.38 11276509 0.32 27.0838 38.0648 191489 0.67659
DW07-Range 5.00 1.07 0.04 0.21 0.22 8.34 199798550 719 759.234 3.99697 179M 9 17M 19
DW08-Chey 4.00 0.37 0.01 0.04 0.02 0.44 13769756 0.00 2.75395 02754 10.7404 9.22574
DW09-LVcreek 5.80 1.78 0.09 0.53 0.93 26.42 833038577 28.68 1832.88 49.9823 58.3127 58.3127
DW11-PPO 223000000 178 82.886 17.617 41.924 47%B
DW12-Lamb-Flam 12.40 0.90 0.33 4.13 3.72 105.35 3322330214 4651 13289.3 864.486 332 233 365.458
DW13-GC-Flam 35.00 8.18 1.50 52.50 429.55 12164.73 383626839273 4219.90 1381057 0 42199 34528.4
4/17/2003
DW14-Canaba 10.60 1.02 0.06 0.66 0.67 19.05 800888783 25.83 2843B3 0 54.062 38.0413
DW15-BH-Duck 7.00 3.74 0.83 5.83 21.84 818.40 19501727487 487.54 105309 0 0 351021
DW16-Broadbent 15.00 2.33 0.67 10.00 23.26 658.60 20769756279 843.68 95540.9 4153.95 1681.58 2907.77
DW17-CheyenneE 7.00 1.78 0.58 4.08 7.21 204.07 8435570071 218.81 19306.7 128.711 514.848 0
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Table 1 : Data for WWF event on 02/12/2003 in a residential area
3.
3"
CD
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Date of 
Collection Location Sample # Time
Pollutograph (mg/L)
O rthof TP-P NO,-N NOz-N pH COD TSS TDS Fe,
DIaaolved
Fe,
Total
Cu,
Dissolved
Cu,
Total
1 4RW 0,27 1.85 1.80 1.40 0 040 8.91 188 687 294 0 12 0 0
2 445 0 26 128 1.00 060 0.042 8 83 119 535 240 0 4 0 0
3 5:00 0.30 0 57 1.30 0.80 0 058 8 76 63 132 236 0 1 0 0
4 &15 0.29 048 1.00 120 0 060 8 62 42 34 222 0 0 0 0
5 5:30 0 33 045 1.10 260 0.080 8 53 31 30 264 0 0 0 0
6 545 0 33 0.64 0.70 3 80 0 092 8 57 97 177 236 0 2 0 0
2/12/2003 WW01-PP 7 6:00 020 2.96 180 140 0.040 8 85 303 2037 276 0 16 0 0
8 645 0 23 1.09 1.02 1.40 0 046 8 63 85 537 206 0 3 0 0
9 6:45 0.17 1.02 0.80 1.00 0.042 8 72 74 502 180 0 3 0 0
10 7:30 0 18 0.70 0 70 1.40 0038 8.50 53 306 168 0 1 0 0
11 8:30 0.20 0 68 0.70 1.00 0042 8 25 42 250 160 0 1 0 0
12 9:30 0 23 0 24 0.20 1.20 0 036 8 52 10 31 156 0 0 0 0
13 10:30 0 18 0.29 0.80 140 0.050 849 21 55 212 0 0 0 0
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C/) Table 2: Data for WWF event on 03/15/2003 in a residential area
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Date of 
Collection
Location Sample #
mg/L (Pollutograph)
Time Oitho-P TP-P NHyN NOyN NOg-N pH COD TSS TDS
1 2:15 0.27 0.42 0.8 0.6 0.02 9.19 130 60 224
2 2:30 0.28 0.40 0.76 0.4 0.026 9.24 108 55 222
3/15/2003 VWV01-PP 3 2:45 0.26 0.35 0.8 0.4 0.046 9.25 119 40 260
4 3:00 0.25 0.33 0.54 1.0 0.092 9.20 294 66 362
5 3:15 0.24 0.28 0.34 1.0 0.15 9.01 234 144 410
33"
(D
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Date of 
Collection
Location Sample #
Mass (ma)
Tin* Ortho-P TP-P NHfN NOrN NOrN COD TSS TDS Fe,
Dissolved
1 2:15 788.41 1214.10 2325 1744 58.14 377888 174410 651130 0.00
2 2:30 314.17 438.67 839 442 28.71 119248 60728 245120 0.00
4/14/2003 WWOl-Res 3 2:46 146.35 196.71 454 227 26.10 67525 22697 147533 0.004 3:00 15.68 20.82 33 62 5.69 18183 4082 22389 0.00
5 3:15 12.51 15.10 18 53 7.96 12421 7644 21763 0.00
Sum 1277.13 1883.20 3670 2528 126.80 595264 259561 1087935 0.00
Del# of
Collection
Location Sample#
Cumulative Mass (g) (Loadograph)
Time Oriho-P TP-P NHrN NOrN NOrN COD TSS TDS
Fe.
Dissolved
1 2:15 0.79 1.21 2.33 1.74 0.06 377.89 TN41 651.13 0.00
2 2:30 1.10 1.65 3.16 2.19 0.09 497.14 235.14 896.25 0.00
4/14/2003 WWOl-Res 3 2:45 1.25 1.88 3.62 2.41 0.11 564.66 257.84 1043.78 0.00
4 3:00 1.26 167 3.65 2.47 0.12 582.84 261.92 1066.17 0.00
5 3:15 1.28 1S8 3.87 2.53 0.13 595j e 269.56 1087S3 0.00
Collection
4/14/2003
Location
WWOl-Res
Normalized Mass (g) (Loadograph)
Sample # Time O rthof TP-P NHrN NOyN NOfN COD TSS TDS
2:15
2:30
2:45
300
3:15
0.00
0.82
0.86
0.98
0.99
1.00
0.00
0.64
0.88
0.98
0.99
1.00
0.00
0.63
0.86
0.99
1.00
1.00
0.00
0.69
0.86
0.95
0.98
1.00
0.00
0.46
0.69
0.89
0.94
1.00
0.00
0.63
0.84
0.95
0.98
1.00
0.00
0.65
0.87
0.96
0.97
1.00
F»,
Dissolved
0.00
0.60
0.82
0.96
0.98
1.00
0.00
0.00
0.00
0.00
0.00
Location Sample # Time (S
(min)
dt
(sec)
Width 
of travel
(ft)
Depth
of flow
(ft)
Area 
of flow 
(eq. ft)
Time 
of travel 
( ')
Length 
of travel
(ft)
Velocity 
of flow 
(ft/sec) _
Discharge 
(cu. ft/sec)
Discharge
(cu. m/sec]
1 2:15 15 900.00 0.87 0.13 0.08 1.68 2.3 1.37 0.114 0.00323
2 2:30 15 000.00 0.58 0.08 0.05 2.58 2.3 0.89 0.043 0.00123
WWOl-Res 3 2:45 15 800.00 0.67 0.07 0.04 4S9 2.3 0.50 0.022 0.00063
4 3Æ0 15 900.00 0.42 0.02 0.01 8.58 2J 0.35 0.002 0.00007
5 3:15 15 ooaoo 0.42 0.02 0.01 6 1.8 0.30 0.002 0.00006
U1
(O
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/) Table 3: Data for WWF event on 04/14/2003 in a parking lot
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Date of 
Collection
Location Sample # Time
mg/L (Pollutograph)
OM hof TP-P NHrN NOg-N NOrN pH COO TSS TDS Fe.
Dissolved
CD 1 9:40 0.30 0.34 1.18 1.4 0.028 7.92 31 95 206 0.5
8 2 9:55 0J4 0.29 0.94 0.4 0.024 8.06 21 104 162 0.3
4/14/2003 WW01-Pk 3 10:10 0.16 0.32 0.70 0.8 0.018 8.13 21 151 160 0.2
4 10:25 0.12 0.38 0.72 0.6 0.022 8.12 21 292 296 0.1
CO
3" 5 10:55 0.14 0.17 0.66 0.8 0.042 7.67 31 114 278 0.2
i Mass (mg)
3
CD Collection
Location Sample# Time
Ortho-P TP-P N H rN N O rN N O rN COD TSS TDS Fe, Fe,
P Dissolved Total
T | 1 9:40 4223 4786 16329 19708 394 436392 1337329 2899892 7039 0.00
C 2 9:55 5985 7232 23443 9976 599 523717 2593646 4040102 7482 0.00
3" 4/14/2003 WW01 -Pk 3 10:10 5352 10705 23417 26762 602 702495 5051274 5352343 6690 0.00CD 4 10:25 8649 27368 51894 43245 1586 1513575 21045899 21334199 7207 0.00
5 10:55 1718 2084 8090 9806 515 379987 1397372 3407627 2452 0.00
CD
■D Total load 25928 52195 123173 109496 3695 3556186 31425520 37034164 30870 0.00
Date o f 
Collection
Location Sample# Time
Cumulative Mass (g) (Loadograph)
Ortho-P T P f N H rN N O rN N O rN C O D TSS TDS Fe,
Dissolved
Fe,
Total
1 9:40 422 4.79 16.33 19.71 0.39 436 1337 2900 7.04 0.00
2 9:55 10.21 12.02 38.77 29.68 0.99 960 3931 6840 14.52 0.00
4/14/2003 VWV01-Pk 3 10:10 1556 22.72 63.19 56.45 1.59 1863 8982 12292 2121 0.00
4 10:25 2421 50.11 115.08 99.69 3.18 3178 30028 33827 28.42 0,00
5 10:55 25.93 52.20 123.17 109.50 3.70 3556 31426 37034 30.87 0.00
Date of
Collection
Location Sample# Time
Normalized Mass (g) (Loadograph)
Oftho-P TP-P N H rN NO,-N NOrN COD TSS TDS Fe,Dissolved
Fe,
Total
1 2:15 0.16 0.09 0.13 0.18 0.11 0.12 0.04 0.08 0.23
2 2:30 0.39 0.23 0.32 0.27 027 0.27 0.13 0.19 0.47
4/14/2003 VWV01- 3 2:45 050 0.44 0.51 0.52 0.43 0.47 0.29 0.33 0.69
4 3:00 0.93 0.96 0.93 0.91 0.86 0.89 0.98 0.91 0.92
5 3:15 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Location Sample # Time
dt
(min)
dl
(sec)
Width
of travel 
(ft)
Depth 
of flow  
(ft)
Area
o f flow  
(sg. ft)_
Time 
of travel
(e)
Length 
of travel
( f t L (ft/sec) (cu. ft/sec)
Discharge 
(cu. m/sec)
Dlecharge
(L/sec)
1 9:40 15 900 4.0 0.13 0.50 4.00 4.42 1.11 0.55 0.0156 15.6413
2 9:55 15 900 5.3 0.15 0.80 3.59 4.42 1.23 0.98 0.0277 27.7098
W W OIfk 3 10:10 15 900 6.5 0.17 1.11 3.72 4.42 1.19 1.31 oa # 2 37.1691
4 10:25 15 800 72 0.20 1.44 225 4.42 1.96 2.83 0.0801 80.0833
5 10:55 30 1800 4.0 0.04 0.16 254 4.42 1.50 0.24 0.0068 6.8098 §
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Table 1: Data for WWF event on 02/12/2003 in a parking lot
Date of 
Collection
Pollutograph (mg/L)
Location Sample # Time Ofttio-P TP-P NH,-N NO;-N NO;-N pH COD TSS TDS
Fe,
Dissolved
Fe,
TobI
Cu,
Dissolved
Cu,
Total
1 12:05 0 31 0 82 3.70 1.6 013 7 77 303 312 356 0 2 0 0
2 2:25 0,31 0.60 1.30 0.6 0.06 7.84 213 90 254 0 1 0 0
2/12/2003 WW02-UNLV-Park 3 &15 0.35 0.55 0.09 0.6 0.06 7 99 213 142 206 1 1 0 0
4 7^0 0.05 0.14 0.08 0.8 0.04 8.09 53 49 128 0 0 0 0
5 7:40 0.04 0.16 013 0.8 0.05 7 83 63 52 228 0 0 0 0
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Cluster Analysis of Observations: Station no, N03, TP-P, TDS, COD
standardized Variables, Euclidean Distance, Single Linkage 
Amalgamation Steps
;tep Number of Similarity Distance Clusters New Number of obs.
clusters level level joi.ned cluster in new cluster
1 14 95.20 0.310 10 11 10 2
2 13 89.29 0.693 12 14 12 2
3 12 85.17 0.959 3 4 3 2
4 11 81.46 1.199 12 13 12 3
5 10 80.90 1.235 10 12 10 5
6 9 79.98 1.294 1 2 1 2
7 8 79.28 1.340 1 6 1 3
8 7 78.14 1.413 5 9 5 2
9 6 76.49 1.520 1 10 1 8
10 5 75.02 1.615 1 15 1 9
11 4 74.04 1.679 1 5 1 11
12 3 71.05 1.872 1 3 1 13
13 2 69.43 1.976 1 8 1 14
14 1 50.38 3.208 1 7 1 15
Final Partition
Number of clusters:
Clusterl
Cluster2
Clusters
Number of 
observations 
13 
1 
1
Within cluster 
sum of squares 
40.108 
0 . 0 0 0  
0 .0 00
Average distance Maximum distance 
from centroid from centroid 
1.684 2.700
0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 .0 0 0
Cluster Centroids
Variable
Station
N03
TP-P
TDS
COD
Clusterl
0.0172
0.1584
-0.2600
0.1947
-0.3506
Cluster2
-0.2236
-1.3131
3.1381
-1.4582
2.8671
Clusters Grand centrd
0 . 0 0 0 0
-0.7457
0.2420
-1.0730
1.6905
0 . 0 0 0 0
0 . 0 0 0 0
0 . 0 0 0 0
- 0 . 0 0 0 0
- 0 . 0 0 0 0
Distances Between Cluster Centroids
Clusterl
Clusters
Clusters
Clusterl
0 . 0 0 0 0
5.1823
2.6159
Clusters
5.1823
0 .0 00 0
3.2082
Clusters
2.6159
3.2082
0 . 0 0 0 0
Cluo station no'- COD';
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